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ABSTRACT
H y d ro lo g ic a l  and  m o rp h o lo g ic a l  ch an g e s  o c c u r r in g  from  l a t e  
w in te r  th ro u g h  summer, 1971, w ere  s tu d ie d  on a  l o n g i tu d in a l  b a r  an d  a  
s id e  b a r  a t  t h e  ap ex  o f  th e  C o l v i l l e  R iv e r  d e l t a  i n  a r c t i c  A la s k a .  
D u rin g  th e  b r i e f  p e r io d  o f  s p r in g  f lo o d in g ,  th e  m a jo r ch an g e s  on th e s e  
b a r s  w ere  n o te d  a s  f o l lo w s :  (1 )  co m p le te  rem o v a l o f  snow c o v e r ,  (2 )
r i s e  i n  r i v e r  s t a g e  t o  a  h e ig h t  o f  1 7 .8  f t  ( 5 .4  m) ab o v e  th e  l e v e l  o f  
th e  r i v e r  i c e  i n  a p p ro x im a te ly  4  d a y s ,  (3 )  t o t a l  subm ergence o f  th e  
s id e  b a r ,  (4 )  n e a r  t o t a l  subm ergence o f  th e  l o n g i tu d in a l  b a r ,  (5 )  
g ro u n d in g  o f  57 b lo c k s  o f  r i v e r  i c e  on th e  l o n g i t u d i n a l  b a r  d u r in g  
b re a k u p , (6 )  i n i t i a t i o n  o f  thaw  o f  b a r  s e d im e n ts ,  and  (7 )  r e t u r n  o f  
th e  r i v e r  s ta g e  t o  n e a r  s e a  l e v e l  a t  t h e  end o f  f lo o d in g .
From g r a i n  s i z e  a n a ly s e s  o f  138 s u r f i c i a l  se d im e n t s a m p le s ,  a  
d e te r m in a t io n  was made o f  th e  c h a r a c t e r  o f  f l u v i a l  a c t io n -  d u r in g  s p r in g  
f lo o d in g .  F o r p u rp o se  o f  a n a l y s i s ,  th e  sam p les  a r e  c l a s s i f i e d  i n t o  9 
e n v iro n m e n ta l  s u b a r e a s ,  w hich  encom pass tw o m a jo r  g ro u p s :  Group I and
Group II. R iv e r  b o tto m  se d im e n ts  and  a l l  n o n g ra v e l b a r  s e d im e n ts  com­
p r i s e  Group I. T hese  se d im e n ts  w ere  a c t i v e l y  t r a n s p o r t e d  d u r in g  s p r in g  
f lo o d in g .  B ar g r a v e l s  co m p rise  G roup II. T hese se d im e n ts  w ere  n o t  
a c t i v e l y  t r a n s p o r t e d .
Regression analyses show that significant differences in mean
d ia m e te r ,  s ta n d a r d  d e v i a t i o n ,  s k e w n e ss , and  k u r t o s i s  o c c u r  f o r  th e
deposits of Group I with elevation. Significant differences for mean
diameter and kurtosis also occur with distance downstream. Group II
d e p o s i t s  r e v e a l  no  s i g n i f i c a n t  ch an g e s  w ith  e l e v a t i o n ;  r a t h e r ,  w ith
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d i s t a n c e  dow nstream  s i g n i f i c a n t  ch an g es  do o c c u r  f o r  mean d ia m e te r ,  
s ta n d a r d  d e v i a t i o n ,  and  sk ew n ess .
Mean diameter of river and all nongravel bar deposits (Group I) 
decreases linearly with elevation above the bed. The decrease in grain 
size is probably a product of decreased competency along the stream bed 
with elevation and a decrease in suspended sediment size with elevation.
P h i b o u n d a r ie s  be tw een  modes o f  f l u v i a l  sed im en t t r a n s p o r t  w ere  
e s t a b l i s h e d  by d e te rm in in g  th e  t r u n c a t i o n  p o in t s  be tw een  lo g -n o rm a l 
s u b p o p u la t io n s  o f  g r a i n  s i z e  d i s t r i b u t i o n s ,  com paring  th e  r e s u l t s  w ith  
sam p les  o f  known d e p o s i t i o n a l  o r ig i n ,a n d  i n t e r p r e t i n g  th e  r e s u l t s  i n  
l i g h t  o f  hydrodynam ic  th e o r y .  F o r th e  s p r in g  f lo o d s  o f  1962 and  1971 
th e  com petency  was 0 .9  0 . The b o u n d ary  be tw een  p a r t i c l e s  t r a n s p o r t e d  
i n  c o n ta c t  w i th  th e  bed  and an in te rm itten t s u s p e n s io n  was 1 .2  0 .  The 
b o u n d a ry  be tw een  i n t e r m i t t e n t  s u sp e n s io n  and  c o n tin u o u s  s u sp e n s io n  
o c c u rs  a t  3 .0  0 i n  a r e a s  ex p o sed  t o  th e  p r e v a i l i n g  c u r r e n t  d u r in g  
f lo o d in g  and  a t  4 .0  0  i n  a r e a s  somewhat p r o te c te d  from  th e  p r e v a i l i n g  
c u r r e n t s .  T hese  t r u n c a t i o n  p o in t s  o c c u r re d  i n  se d im e n ts  d e p o s i te d  
d u r in g  a  s i n g l e  s p r in g  f lo o d  a s  w e l l  a s  i n  se d im e n ts  d e p o s i te d  o v e r  
s e v e r a l  y e a r s ,  i n d i c a t i n g  t h a t  hydrodynam ic c o n d i t io n s  do n o t  v a r y  a p p r e ­
c i a b l y  from  one s p r in g  f lo o d  t o  th e  n e x t .
B ased upon a n a ly s e s  o f  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te rs  and  
hydrodynam ic  t h e o r y ,  i t  i s  co n c lu d e d  t h a t ,  f o r  th e  s tu d y  a r e a ,  th e  d i s ­
t r i b u t i o n  o f  s e d im e n ts  a c c o rd in g  t o  g r a i n  s i z e  i s  d e te rm in e d  p re d o m i­
n a n t ly  by th e  c o n d i t io n s  e x i s t i n g  d u r in g  s p r in g  f lo o d in g .
F i n a l l y ,  i t  i s  p ro p o sed  t h a t  th e  g r a v e l s  o f  th e  l o n g i t u d i n a l  b a r  
w ere  t r a n s p o r t e d  t o  t h e i r  p r e s e n t  l o c a t io n  from  an  u p s tre a m  s o u rc e  a t  a
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tim e  o f h ig h  s tr e a m  v e l o c i t y ,  p o s s ib ly  r e s u l t i n g  from  th e  b reak u p  o f  
an  i c e  ja m . The d e p o s i t i o n  o f  th e  g r a v e l s  form ed th e  n u c le u s  f o r  b a r  
d ev e lo p m en t. I t  i s  c o n c lu d e d  t h a t  th e  p re s e n c e  o f  th e s e  g r a v e l s  i s  
p r im a r i ly  r e s p o n s i b l e  f o r  m a in ta in in g  th e  s t a b i l i t y  o f  th e  b a r .
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INTRODUCTION
An o p p o r tu n i ty  t o  s tu d y  th e  f l u v i a l  and  d e l t a i c  p ro c e s s e s  a c t i v e  
w i th in  a  b ra id e d  r i v e r  i n  a n  a r e a  o f  c o n tin u o u s  p e rm a f ro s t  i s  a f f o r d e d  
by  two r i v e r  b a r s  w h ich  l i e  a t  th e  ap ex  o f  th e  C o lv i l l e  R iv e r  d e l t a  i n  
a r c t i c  A la s k a . Of th e s e  tw o b a r s ,  th e  one p o s i t io n e d  i n  th e  r i v e r  
c h a n n e l i s  u n iq u e  t o  t h e  d e l t a  i n  t h a t  i t s  s u r f a c e  i s  p a r t l y  com posed 
o f  th e  l a r g e s t  o u tc ro p p in g  o f  g r a v e l  t o  be found  on a  b a r  i n  th e  d e l t a .  
C om parisons o f  a e r i a l  p h o to g ra p h s  from  1949 and 1971 i n d i c a t e  t h a t  t h i s  
b a r  h a s  rem ained  i n  e s s e n t i a l l y  t h e  same p o s i t i o n  o v e r  a  22 y e a r  p e r io d .  
T h e re fo re ,  t h i s  b a r  i s  u n iq u e  from  dow nstream  b a r s  w h ich  e x h i b i t  a 
d e f i n i t e  m ig r a t io n  d o w n stream .
The p r e s e n t  s tu d y  in c lu d e s  (1 ) d o c u m e n ta tio n  o f  m o rp h o lo g ic  
chan g es  o c c u r r in g  from  l a t e  w in te r  t o  m id-sum m er, 1971, (2 )  d e s c r i p ­
t i o n  o f  sed im en t sam p les  v i a  f o u r  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te r s :  
mean d ia m e te r ,  s ta n d a rd  d e v i a t i o n ,  sk ew n ess , and  k u r t o s i s ,  and (3) 
d e te r m in a t io n  o f  a c t i v e  p r o c e s s e s  from  ( a )  g r a in  s i z e  c h a r a c t e r i s t i c s  
o f  d e p o s i t s  and (b )  a n a l y s i s  o f  m odes o f  sed im en t t r a n s p o r t  and fo r c e s  
n e c e s s a r y  f o r  movement o f  p a r t i c l e s .  T h ese  m ethods a r e  u sed  t o  d e t e r ­
m ine th e  e f f e c t iv e n e s s  o f  p r o c e s s e s  c o n t r i b u t i n g  t o  th e  developm ent o f  
th e  b a r s .
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THE STUDY AREA
The C o l v i l l e  R iv e r  d r a in s  n o rth w a rd  a c r o s s  th e  A r c t i c  C o a s ta l  
P la in  o f  n o r th e r n  A la sk a  i n t o  th e  A r c t i c  O cean w here i t  h as  form ed a 
232 mi^ (600  km^) d e l t a  (W alk e r, 1976) ( F ig .  1 ) .  The d i s t r i b u t a r y  
sy stem  o f  t h i s  d e l t a  b e g in s  a p p ro x im a te ly  25 m i (40  km) s o u th  o f  th e  
A r c t ic  c o a s t .  From th e  head  o f  th e  C o l v i l l e  R iv e r  t o  i t s  te rm in u s  a t  
th e  A r c t i c  O cean , th e  r i v e r  f lo w s  th ro u g h  t h r e e  p h y s io g ra p h ic  p r o v in c e s  
th e  A r c t i c  M o u n ta in s , th e  A r c t i c  F o o t h i l l s ,  and  th e  A r c t ic  C o a s ta l  
P l a i n  (W a h rh a f t ig ,  1 9 6 5 ) . The p r o p o r t io n  o f  th e  d ra in a g e  b a s in  found  
i n  e a c h  o f  t h e  a fo re m e n tio n e d  p h y s io g ra p h ic  p ro v in c e s  i s  r e s p e c t i v e l y  
2 6 , 6 4 , and  10 p e r c e n t  (W alker and  M cCloy, 1 9 6 9 ) .
The s tu d y  a r e a ,  com posed o f  tw o b a r s  and  th e  a d jo in in g  r i v e r  
c h a n n e ls ,  i s  l o c a te d  a t  l a t .  70° 1 1 ' N and  lo n g .  150° 5 5 ' W ( F ig .  1 ) .
I t  i s  a  b r a id e d  r e a c h  o f  th e  r i v e r  a t  th e  a p e x  o f  th e  d e l t a  ( F ig .  2 ) .  
The s tu d y  a r e a ,  w i th  a  le n g th  o f  1 .6  m i (2 .6  km) and  a  w id th  o f  0 .5  
mi (0 .8  km ), i s  lo c a te d  s l i g h t l y  n o r th  o f  th e  f i r s t  d e l t a  d i s t r i b u t a r y ,  
th e  West C hannel ( F ig .  3 ) .  I t  i s  p o s i t io n e d  i n  th e  E a s t  C hannel 
a p p ro x im a te ly  1 .5  m i (2 .2  km) n o r th  o f  th e  l a s t  m a jo r  t r i b u t a r y  t o  t h e  
C o lv i l l e  R iv e r ,  th e  I t k i l l i k  R iv e r .
N om en cla tu re
Of th e  two b a r s  s tu d i e d ,  one i s  p o s i t i o n e d  w i th in  th e  s tre a m  
c h a n n e l .  The s e c o n d , lo c a te d  dow nstream  from  th e  f i r s t ,  i s  a t t a c h e d  to  
th e  r i v e r ' s  r i g h t  b a n k . H e r e a f t e r ,  th e  b a r  lo c a te d  w i th in  th e  s tre a m  
c h an n e l w i l l  be r e f e r r e d  t o  a s  a  lo n g i tu d in a l  b a r  and th e  b a r  a t t a c h e d  
t o  th e  b an k  w i l l  b e  r e f e r r e d  to  a s  a  s id e  b a r .  Ore (1964 , p .  1)
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F ig u re  1 . L o c a tio n  map o f  n o r th e r n  A la sk a  and  th e  C o l v i l l e  R iv e r  d e l t a .
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F ig u re  3 .  Map o f  t h e  s tu d y  a r e a  and  
i t s  s u r r o u n d in g s .
d e f in e s  a  l o n g i tu d in a l  b a r  a s  one w h ic h , "h a s  . i t s  lo n g  a x i s  e s s e n t i a l l y  
aligned  w ith  s tre a m  f lo w ."  The s id e  b a r  o f  t h i s  s tu d y  h a s  th e  fo l lo w in g  
c h a r a c t e r i s t i c s  i n  common w ith  th e  s id e  b a r  d e f in e d  by C o ll in s o n  
(1 9 7 0 ) : (1 )  i t  i s  a t t a c h e d  to  a  b an k ; (2 )  i t  i s  p o in te d  i n  a n  u p s tre a m
d i r e c t i o n  w ith  th e  p o in t  c o r re s p o n d in g  t o  a  h e a d la n d ; and (3 )  i t s  
dow nstream  m a rg in  p a s s e s  g r a d u a l ly  i n t o  d e e p e r  w a te r .  I t  d i f f e r s  from  
C o l l i n s o n 's  s id e  b a r  i n  t h a t  i t  g r a d u a l ly  w id en s  dow nstream  u n t i l  i t  
r e a c h e s  i t s  maximum w id th  and  th e n  g r a d u a l ly  n a rro w s  u n t i l  i t  r e j o i n s  
th e  b a n k . C o l l i n s o n 's  s id e  b a r  g r a d u a l ly  w id en s  dow nstream  and th e n  
a b r u p t l y  r e j o i n s  th e  b an k .
B ecause o f  th e  u n e q u a l d i v i s i o n  o f  th e  C o lv i l l e  R iv e r  c h a n n e l 
by th e  lo n g i tu d in a l  b a r ,  th e  l a r g e r  w e s te rn  c h a n n e l w i l l  be r e f e r r e d  to
5a s  th e  m ain  c h a n n e l and th e  s m a l le r  e a s t e r n  c h a n n e l w i l l  be r e f e r r e d  to  
a s  th e  s id e  c h a n n e l .
The te rm s  a p p l ie d  t o  e a c h  o f  th e  m a jo r  p h y s io g ra p h ic  f e a t u r e s  
a r e  m ean t t o  be  p u r e ly  d e s c r i p t i v e  and  h av e  n o  g e n e t i c  i m p l i c a t i o n s .
The s i m i l a r i t i e s  b e tw een  th e  b a r s  o f  t h i s  s tu d y  and  th o s e  
d e s c r ib e d  by o th e r  a u th o r s  i s  p r e s e n te d  i n  A ppendix  I .
C lim a te
The c l im a te  i n  th e  a r e a  o f  th e  C o l v i l l e  R iv e r  d e l t a  i s  c h a r a c ­
t e r i z e d  by  lo n g ,  c o ld  p re d o m in a n tly  c o n t i n e n t a l  w in te r s  and  s h o r t ,  c o o l 
p re d o m in a n tly  m a rit im e  summers (W alker and  M cCloy, 1969, p .  1 8 ) .
W in te r  l a s t s  f o r  a p p ro x im a te ly  8 m onths and  i s  a  tim e  o f  s u b f r e e z in g
a v e ra g e  m o n th ly  te m p e ra tu re  and  l i t t l e  p r e c i p i t a t i o n .  Much o f  t h i s  
p r e c i p i t a t i o n  f a l l s  a s  snow and  i s  r e s p o n s ib le  ..fo r a  t h i n  snow c o v e r  
o v e r  a lm o s t a l l  s u r f a c e s .  Summer, w h ich  l a s t s  f o r  a p p ro x im a te ly  4 
m o n th s , i s  a  tim e  o f  a b o v e - f r e e z in g  a v e ra g e  m o n th ly  te m p e ra tu re  and 
l i t t l e  p r e c i p i t a t i o n  w hich  o c c u rs  a s  e i t h e r  s n o w fa l l  o r  r a i n f a l l .  
A lth o u g h  th e y  a r e  o f  s h o r t  d u r a t i o n ,  th e  t r a n s i t i o n  p e r io d s  be tw een  
th e s e  two s e a so n s  a r e  r e f e r r e d  t o  a s  s p r in g  and  f a l l .
Mean a n n u a l p r e c i p i t a t i o n  r e p o r te d  f o r  A la sk a  (S e a rb y  and  
B ra n to n ,  1975, p .  283) i n d i c a t e s  t h a t  5 i n  (1 2 .7  cm) o r  l e s s  o c c u r  on 
th e  C o lv i l l e  R iv e r  d e l t a .  H ow ever, i n  p a r t s  o f  th e  d r a in a g e  b a s in  o f  
th e  C o l v i l l e  R iv e r ,  mean a n n u a l p r e c i p i t a t i o n  e x c e e d s  10 i n  (2 5 .4  cm) 
a n d ,  i n  a  few i s o l a t e d  a r e a s  i n  th e  A r c t i c  M o u n ta in s , ev en  e x c e e d s  20 
i n  (5 0 .8  cm ).
F o r th e  C o lv i l l e  d e l t a ,  mean m o n th ly  te m p e ra tu re  r e c o r d s  f o r  an
e n t i r e  y e a r  a r e  n o t a v a i l a b l e .  The y e a r l y  f l u c t u a t i o n s ,  ho w ev er, may
6be approximated from the records of Barrow, a maritime location, and 
Umiat, a continental location. Mean monthly temperatures vary from a 
February minimum of - 2 7 .9 °  and -3 1 .5 °C  at Barrow and Umiat, respec­
tively, to a July maximum of 3 .9 °  and 1 1 .8°C  (McKenzie and Walker,
1 9 7 4 ). D u rin g  th e  1971 f i e l d  s e a s o n  a t  P u tu  ( f o r  l o c a t i o n  s e e  F ig .  2 ) ,  
th e  te m p e ra tu r e  f lu c t u a t e d  from  a  minimum o f  -2 7 .5 °C  on A p r i l  2 1 s t  t o  
a  maximum o f  2 2 .8 °C  on Ju n e  7 th  (M cKenzie an d  W a lk e r , 1 9 7 4 ).
On th e  C o lv i l l e  R iv e r  d e l t a ,  tw o p re d o m in a n t w ind d i r e c t i o n s ,  
n o r t h e a s t  and  s o u th w e s t ,  a r e  a p p a re n t  from  th e  o r i e n t a t i o n  o f  sand  dunes 
and  s n o w d r i f t s  (W alker and  M cCloy, 1969 , p .  2 6 ) .  T h is  i s  c o n s i s t e n t  
w i th  in f o r m a t io n  g a th e re d  a t  P in g o k  I s l a n d  on t h e  A r c t i c  O cean w here 
b o th  w in te r  an d  summer a r e  c h a r a c te r i z e d  b y  p re d o m in a n tly  n o r t h e a s t e r l y  
w in d s . D u rin g  summer, how ever, c y c lo n ic  low p r e s s u r e  c e l l s  p ro d u ce  
s o u th w e s te r ly  w in d s w hich  o ccu r a p p ro x im a te ly  30 t o  40  p e r c e n t  o f  th e  
tim e  ( S h o r t ,  1 9 7 3 ).
H ydro logy
The d is c h a r g e  o f  th e  C o lv i l l e  R iv e r  th ro u g h  th e  s tu d y  a r e a  i s  
d e r iv e d  from  a  d ra in a g e  b a s in  o f  a p p ro x im a te ly  2 3 ,2 0 0  m i^ (6 0 ,0 0 0  km ^). 
Due t o  c l i m a t i c  and e n v iro n m e n ta l c o n d i t i o n s ,  th e  d i s c h a r g e  h as  a n  
a n n u a l  c y c le  w h ich  f l u c t u a t e s  from  a  s p r in g  maximum d u r in g  f lo o d in g  t o  
a  l a t e  w in te r  minimum when no d i s c h a r g e  h a s  b e e n  d e t e c te d  (W alk er, 
1 9 7 3 a ) . The t r a n s i t i o n  from  a c t i v e  d i s c h a r g e  t o  no  d is c h a r g e  o c c u rs  i n  
th e  f a l l  when a i r  te m p e ra tu re s  d e c re a s e  t o  b e low  0°C and  b o th  s u r f a c e  
w a te r  and  groundwater f r e e z e  (W alker, 1 9 7 3 b ).
At this time the stage of the Colville River is near sea level,
7d is c h a r g e  becoriies i n s i g n i f i c a n t ,  and  th e  l e v e l  o f  th e  d i s t r i b u t a r i e s  
i s  c o n t r o l l e d  by th e  s e a .  I t  i s  a t  t h i s  l e v e l  t h a t  f r e e z e u p  o c c u r s .  
D u rin g  w in te r ,  th e  r i v e r  i c e  r e a c h e s  a  maximum th ic k n e s s  o f  a b o u t 6 f t  
(1.8 m).
When w a te r  t r a p p e d  below  th e  r i v e r  i c e  i s  c o n n e c te d  t o  th e  s e a ,  
th e  f r e s h  w a te r  o f  th e  r i v e r  i s  r e p la c e d  by se a  w a te r .  A s a l t  w a te r  
wedge h a s  b een  found  t o  p e n e t r a t e  a s  f a r  u p s tre a m  a s  36 m i (58  km) from  
th e  m outh  o f  th e  r i v e r  (W alk e r, 1 9 7 3 b ).
The r i v e r  s t a g e s  a s  r e c o rd e d  and co m p iled  by H. J .  W alk e r a t  
P u tu  i n  1961, 1964 , an d  1971 a r e  shown i n  F ig u re  4 .  Soon a f t e r  th e  
f i r s t  develo p m en t o f  m e l tw a te r  i n  th e  s p r in g ,  renew ed d is c h a r g e  
com m ences. S h o r t ly  t h e r e a f t e r ,  a  s ta g e  in c r e a s e  o f  s e v e r a l  f e e t  o c c u rs  
o v e r  a  p e r io d  o f  o n ly  a  few d a y s .  T h is  i s  e x h ib i te d  b e s t  by  th e  r e c o r d s  
f o r  1964 and 1971 . The r a p id  in c r e a s e  i n  s ta g e  ca n  be a t t r i b u t e d  to  
m e l t in g  o c c u r r in g  s o u th  o f  t h e  d e l t a  w here th e  snow c o v e r  i s  g r e a t e r  
and  te m p e ra tu r e s  in c r e a s e  t o  ab o v e  f r e e z i n g  e a r l i e r  th a n  on th e  d e l t a .
D uring  th e  s p r in g  f lo o d s  o f  1962 and 1971, maximum d is c h a r g e  
was r e s p e c t i v e l y  2 1 2 ,3 7 0  f t ^ / s  (6010  m-fys) on Ju n e  14 , 1962 (A rn b o rg , 
e t  a l . ,  1966, p .  1 9 7 ) , and  3 3 1 ,4 5 0  f t ^ / s  (9380 m ^ /s )  on J u n e  3 ,  1971 
(W alk e r, p e r s o n a l  c o m m u n ic a tio n ) .
S p rin g  f lo o d in g  i n  b o th  1964 and 1971 l a s t e d  f o r  a p p ro x im a te ly  
16 d a y s .  In  1962 , i t  l a s t e d  f o r  25 days (A m b o rn , e t  a l . ,  1966 , p .
2 0 8 ) .  T h e re fo re  i f  a n  e n t i r e  y e a r  i s  c o n s id e r e d ,  th e  tim e  o f  s p r in g  
f lo o d in g  em braces o n ly  4 p e r c e n t  o f  1964 and 1971 and 7 p e r c e n t  o f  1962. 
I f  o n ly  th e  tim e  o f  a c t i v e  d i s c h a r g e  i s  c o n s id e re d  ( i . e . ,  a p p ro x im a te ly  
4 m o n th s ) , s p r in g  f lo o d in g  em b races  13 p e rc e n t  f o r  1964 and  1971 and  
21 p e r c e n t  f o r  1962.
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F ig u re  4 .  C o lv i l l e  R iv e r  s t a g e s  re c o rd e d  a t  P u tu  
C h an n e l, s p r in g  and  summer 1962, 1964 , 
and  1971. V a lu e s  a r e  g iv e n  in  m e te r s .
A t th e  tim e  o f  maximum s ta g e  i n  th e  s tu d y  a r e a ,  th e  e f f e c t s  a r e  
a s  f o l lo w s :  th e  a r e a  from  th e  sand  d u n es  on th e  w est t o  th e  a r e a  o f
tu n d r a  s u r f a c e  on th e  e a s t  i s  a lm o s t t o t a l l y  subm erged ( F ig .  3 ) ;  th e  
f lo o d  w a te r s  in u n d a te  th e  low er p a r t s  o f  th e  tu n d ra  s u r f a c e ;  and  th e  
W est C h an n e l and  th e  E a s t  C hannel a r e  b o th  a c t i v e  d e l t a  d i s t r i b u t a r i e s .  
D u rin g  m ost p e r io d s  o f  low w a te r ,  th e  W est C hannel becom es i n a c t i v e  an d  
i n  some y e a r s ,  such  a s  1971, i s  s e a le d  o f f  from  th e  E a s t  C hannel by  a  
b a r .  A t t h i s  t im e ,  d is c h a r g e  i s  c o n f in e d  e n t i r e l y  t o  th e  E a s t  C h a n n e l.
W ith  th e  c e s s a t i o n  o f  s p r in g  f lo o d in g  on June  1 6 , 1971 , t h e  
s ta g e  f e l l  t o  n e a r  s e a  l e v e l .  I t  f l u c t u a t e d  a ro u n d  t h i s  l e v e l  th r o u g h ­
o u t th e  summer. I n c r e a s e s  i n  s ta g e  o f  a  few f e e t  d id ,  h o w ev er, o c c u r  
d u r in g  t h i s  p e r io d ,  p ro b a b ly  c o r re s p o n d in g  to  p e r io d s  o f  p r e c i p i t a t i o n  
w i th in  th e  d r a in a g e  b a s in .
E n v iro n m e n ta l S u b a re a s  
The s tu d y  a r e a  can  be d iv id e d  i n t o  a number o f  s u b a re a s  on th e  
b a s i s  o f  p h y s io g ra p h y , s u r f i c i a l  s e d im e n ts ,  a n d /o r  v e g e t a t i o n  ( F ig s .  5
9* 4 1 1  tf  7 - d
Li its .
F ig u re  5 .  V e r t i c a l  a e r i a l  v iew  
o f  l o n g i tu d in a l  and  
s id e  b a r s ,  Ju n e  16 , 
1971
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F ig u re  6 .  T o p o g ra p h ic  map o f  i 
e n v iro n m e n ta l  subart 
l o c a t i o n  o f  groundei 
s p r in g  f lo o d  o f  197
F ig u r e  6 .  T o p o g rap h ic  map o f  th e  s tu d y  a r e a  w ith  
e n v iro n m e n ta l  s u b a r e a s ,  sam p le  s i t e s ,  
l o c a t i o n  o f  g ro u n d ed  i c e  b lo c k s  from 
s p r in g  f lo o d  o f  1971, and  p r o f i l e  l o c a t io n s .
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& 6).
R iv e r  C han n e ls
S ubarea  1 . M ain c h a n n e l
The m ain  c h a n n e l i s  a p p ro x im a te ly  2000 f t  (0 .6  km) a t
i t s  w id e s t  p o in t  and  e x te n d s  t o  d e p th s  i n  e x c e s s  o f
-16 f t  ( - 4 .9  m) a t  n o rm al s t a g e .  W a te r , w h ich  i s  
a lw ay s  p r e s e n t ,  i s  d e r iv e d  from  th e  f r e s h  w a te r  d i s ­
c h a rg e  o f  t h e  C o l v i l l e  R iv e r ,  from  s a l t  w a te r  
i n t r u s i o n  by  th e  A r c t i c  O cean , o r  from  a  c o m b in a tio n  
o f  b o th .
S ubarea  2 .  S id e  c h a n n e l
I n  p la n  v ie w , th e  a r c u a te - s h a p e d  s id e  c h a n n e l m a in ta in s  
a  w id th  o f  a p p ro x im a te ly  350 f t  (0 .1  km ). I t  i n c lu d e s  
lo c a l  a r e a s  w i th  d e p th s  i n  e x c e s s  o f  -12 f t  ( - 3 .6  m ). 
From i t s  u p s tre a m  e n d , th e  th a lw e g  m eanders  b a c k  and  
f o r t h  a c r o s s  th e  c h a n n e l w id th .  L ik e  th e  m a in  c h a n n e l ,
th e  s id e  c h a n n e l  i s  a lw ay s  subm erged .
L o n g i tu d in a l  B ar
S ubarea  3 .  G ra v e l S h e e t
The g r a v e l  s h e e t  i s  lo c a te d  a t  th e  u p s tre a m  end o f  th e  
l o n g i t u d i n a l  b a r  and  e x te n d s  t o  a  maximum e l e v a t i o n  o f  
9 f t  ( 2 .7  m ). F o r c o n v e n ie n c e , th e  z e ro  c o n to u r  ( s e a  
l e v e l )  i s  ta k e n  a s  th e  lo w er b o u n d ary  o f  th e  s u b a r e a .
I t  i s  a p p a r e n t ,  h o w ev er, t h a t  th e  g r a v e l  s h e e t  e x te n d s  
below  z e ro  c o n to u r  i n t o  th e  a d j a c e n t  r i v e r  c h a n n e ls .  
T o p o g ra p h ic a l ly  t h e  g r a v e l  s h e e t  c o n s i s t s  o f :
(1 )  w a v e - b u i l t  g r a v e l  r i d g e s ,  (2 )  a  com plex  p a t t e r n  
o f  w hat a p p e a r s  t o  be l a r g e - s c a l e  r i p p l e - f o r m s  o r  
m e g a r ip p le s ,  and  (3 )  t r a i l s  fo rm ed  by  th e  te m p o ra ry  
g ro u n d in g  o f  i c e  b lo c k s  d u r in g  t h e  s p r in g  f lo o d .  
T o p o g rap h ic  d e p r e s s io n s  a r e  p r e s e n t  dow nstream  o f  
s e v e r a l  w a v e - b u i l t  r i d g e s ,  b e tw ee n  t h e  m e g a r ip p le s ,  
an d  be tw een  some p a r a l l e l  r i d g e s  o f  i c e  t r a i l s .
W ith in  th e s e  d e p r e s s io n s ,  s e t t l i n g  b a s in s  form  d u r in g  
s p r in g  f lo o d in g  and  lo c a l  p a tc h e s  o f  s a n d ,  s i l t ,  and  
c l a y  a r e  d e p o s i te d  on th e  s u r f a c e  o f  th e  g r a v e l s .
The g r a v e l s  a r e  composed p re d o m in a n tly  o f  s u b a n g u la r  
t o  sub ro u n d ed  p e b b le s  o f  c h e r t  and  m in o r am ounts o f  
q u a r t z i t e  and  s i l i c i f i e d  c o n g lo m e ra te .  The dow nstream  
te rm in u s  o f  th e  g r a v e l  s h e e t  i s  m arked  by  a n  a b ru p t  
ch an g e  from  g r a v e l  t o  s a n d .
S u b a re a  4 .  L ln g u o id  G ra v e l R idge
On th e  s u r f a c e  o f  th e  l o n g i tu d in a l  b a r ,  th e  l in g u o id  
sh ap ed  g r a v e l  r id g e  i s  s e p a r a te d  from  th e  g r a v e l  s h e e t  
o f  s u b a re a  3 by a p p ro x im a te ly  1000 f t  ( 0 .3  km ). 
T o p o g r a p h ic a l ly ,  th e  l in g u o id  g r a v e l  r i d g e  h a s  a  
b a r  ch an  sh ap e  w i th  th e  h o rn s  p o in t in g  u p s tre a m . The 
h ig h e s t  e l e v a t i o n ,  8 f t  ( 2 .4  m ), o c c u r s  on  th e  down­
s tr e a m  e n d . F o r c o n v e n ie n c e , th e  lo w er b o u n d ary  i s  
ta k e n  a s  s e a  l e v e l .  The g r a v e l  o f  th e  r id g e  d o es  
e x te n d  i n t o  th e  a d ja c e n t  p o r t i o n  o f  th e  m ain  c h a n n e l .
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S u b a re a  5 .  U n v e g e ta te d  s a n d , s i l t ,  and  c la y
I n  g e n e r a l ,  th e  u n v e g e ta te d  s a n d ,  s i l t ,  and  c l a y  r e f e r ­
r e d  t o  a s  n o n g ra v e ls  on F ig u re  6 e x te n d s  from  s e a  l e v e l  
t o  a p p ro x im a te ly  8 f t  ( 2 .4  m ). H ow ever, on th e  u n p ro ­
t e c t e d  s t o s s  s id e  o f  th e  l o n g i tu d in a l  b a r ,  s u b a re a  5 
r e a c h e s  a n  e l e v a t i o n  o f  12 f t  ( 3 .6  ra) and  c o n s i s t s  
l a r g e l y  o f  san d  and  s i l t  w i th  a  m in o r am ount o f  c l a y .  
E x c e p t f o r  th e  d i s c o n t i n u i t y  cau sed  b y  th e  p re s e n c e  
o f  th e  l in g u o id  g r a v e l  r i d g e ,  t h i s  s u b a re a  a lm o s t 
c o m p le te ly  e n c i r c l e s  th e  l o n g i t u d i n a l  b a r .
S u b a re a  6 .  G ra s se s
An a r e a  o f  g r a s s e s  form s a  d i s c o n t in u o u s  band e n c i r c l i n g  
t h e  l o n g i t u d i n a l  b a r .  On th e  w es t s i d e  o f  th e  b a r ,  
s u b a re a  6 o c c u rs  be tw een  e l e v a t i o n s  o f  5 and  6 f t  (1 .5  
an d  1 .8  m ). On th e  e a s t  s i d e ,  i t  o c c u rs  b e tw een  
e l e v a t i o n s  o f  7 and  9 f t  ( 2 .1  and  2 .7  m ). The g r a s s e s  
o f  s u b a re a  6 g ra d e  i n t o  th e  a d jo in in g  u p s lo p e  s u b a re a  
o f  w i l lo w s .
S u b a re a  7 . W illow s
W illo w s c o v e r  th e  h ig h e s t  e l e v a t i o n s  on th e  l o n g i tu d in a l  
b a r .  A t th e  u p s tre a m  end o f  t h e  b a r ,  u n p r o te c te d  from  
th e  p r e v a i l i n g  c u r r e n t  d u r in g  f l o o d in g ,  th e  w illo w s  b e g in  
a t  a n  e l e v a t i o n  o f  11 f t  ( 3 .4  m ). A t th e  dow nstream  
e n d ,  th e y  b e g in  s l i g h t l y  below  8 f t  ( 2 .4  m ). The w illo w  
s u b a re a  c o n s i s t s  o f  a  c e n t r a l  c o re  o f  t a l l e r  w illo w s  
w h ich  g e n e r a l l y  e x ce ed s  4 f t  (1 .2  m) i n  h e i g h t .  Above
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13 f t  (4  m ), th e s e  t a l l e r  w il lo w s  form  a  co m p le te  
t h i c k e t  ( F ig .  6 ) .  O u ts id e  o f  t h e  c e n t r a l  t h i c k e t ,  
th e  w illo w s  become l e s s  num erous and  a r e  g r a d u a l ly  
r e p la c e d  by g r a s s e s .  Numerous se d im e n t r i d g e s  form ed 
by i c e  shove  o c c u r  i n  t h i s  s u b a r e a .  A p ro m in e n t i c e  
shove  r id g e  i s  lo c a te d  j u s t  n o r th  o f  sam ple  s i t e  781 
( F ig .  6 ) .  On th e  d o w n c u rre n t s i d e  o f  t h i s  i c e  shove 
r i d g e ,  t h e r e  i s  a  p ro m in en t to p o g ra p h ic  d e p r e s s io n .
The two la r g e  d e p r e s s io n s  lo c a te d  e a s t  o f  sam ple 
s i t e  795 a r e  d o w n cu rren t o f  s e v e r a l  s m a l l e r . i c e  shove 
r i d g e s .  The to p o g ra p h ic  d e p r e s s io n  e a s t  o f  sam ple  
s i t e  778 was form ed by  s c o u r  d u r in g  s p r in g  f lo o d in g .
S id e  B ar
S u b a re a  8 .  U n v e g e ta te d  s a n d , s i l t ,  and  c l a y
S u b area  8 i s  r e f e r r e d  to  on F ig u re  6 a s  u n v e g e ta te d  
n o n g ra v e ls  and  c o n s i s t s  o f  p re d o m in a n tly  san d  and  s i l t  
w i th  a  m ino r am ount o f  c l a y .  T h is  s u b a re a  e x te n d s  
from  s e a  l e v e l  t o  a p p ro x im a te ly  4 f t  (1 .2  m ). The 
dom inan t to p o g ra p h ic  f e a t u r e  i s  a  s e r i e s  o f  wave c u t  
t e r r a c e s  form ed d u r in g  f l u c t u a t i o n s  i n  s t a g e .
S u b a re a  9 . W illow s
The w illo w s  o f  th e  s id e  b a r  o c c u r  ab o v e  4 f t  (1 .2  m) 
on a  s e r i e s  o f  t e r r a c e s  w h ich  a d j o i n  th e  b a s e  o f  th e  
a d j a c e n t  r i v e r  b l u f f .
PROCEDURES
Sam ples C o l le c te d  
F ie l d  s t u d i e s  w ere  c o n d u c te d  from  e a r l y  May t o  e a r l y  A ugust o f  
1971. The f i e l d  w ork In c lu d e d :  d e t e r m in a t io n  o f  am ount o f  snow c o v e r ,
r e c o r d in g  o f  m o rp h o lo g ic  ch an g es  c e n te r e d  a ro u n d  b re a k u p , d e te rm in a ­
t i o n  o f  am ount o f  sed im e n t th a w , s u rv e y in g  o f  th e  b a r s ,  and c o l l e c t i o n  
o f  se d im e n t s a m p le s .
One h u n d red  and t h i r t y - e i g h t  s e d im e n t sam p les  w ere c o l l e c t e d  
i n c lu d in g :  (1 )  103 s u r f i c i a l  s e d im e n t sam p le s  from  th e  l o n g i tu d in a l
b a r ,  (2 )  5 p a i r s  o f  s a m p le s , e a c h  in c lu d in g  a  sam ple  o f  i c e  r a f t e d  
s e d im e n ts  from  th e  l o n g i tu d in a l  b a r  d u r in g  b re a k u p  and a  sam ple o f  
s u r f i c i a l  b a r  s e d im e n ts  a t  th e  same l o c a t i o n ,  (3 )  1 sam ple o f  s u s ­
pended  se d im e n t d e p o s i t e d  upon w illo w  b ra n c h e s  on th e  l o n g i tu d in a l  b a r  
d u r in g  th e  s p r in g  f lo o d  o f  1971, (4 )  1 sam ple  o f  sed im en t d e p o s i te d  
on a  s c r e e n  on th e  s u r f a c e  o f  th e  l o n g i t u d i n a l  b a r  by  th e  s p r in g  f lo o d  
o f  1971 , (5 )  9 s u r f i c i a l  se d im e n t sam p les  from  th e  s id e  b a r ,  (6 )  13 
g ra b  sam p les  o f  b o tto m  se d im e n ts  o f  th e  C o l v i l l e  R iv e r ,  and (7 ) 1 
sam ple o f  w in d -b lo w n  sed im en t in c o r p o r a te d  i n t o  a  s n o w d r if t  a t  P u tu  
a p p ro x im a te ly  3 .1  m i (5 km) dow nstream  from  th e  b a r .
The lo c a t i o n  o f  e a c h  o f  th e  103 s u r f i c i a l  sed im en t sam p les  i s  
p l o t t e d  on F ig u re  6 .  F o r p u rp o se  o f  a n a l y s i s ,  th e  s u r f i c i a l  sam p les  
a r e  c l a s s i f i e d  a c c o rd in g  t o  (1 )  e n v iro n m e n ta l  s u b a r e a s ,  (2 ) e l e v a t i o n  
o f  th e  sam ple s i t e ,  and  (3 ) d i s t a n c e  d o w n stream . Sea le v e l  i s  th e  
datum  u se d  f o r  e l e v a t i o n  and  d i s t a n c e s  a r e  e s t a b l i s h e d  from  th e  u p s tre a m  
end o f  th e  s tu d y  a r e a  w hich  c o r re s p o n d s  w i th  th e  f i r s t  r i v e r  b o tto m
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sed im en t sam ple s i t e ,  748 ( P ig .  6 ) .
M ethod Em ployed
The g r a in  s i z e  s t a t i s t i c a l  p a ra m e te r s  o f  mean d ia m e te r ,  s ta n d a r d  
d e v i a t i o n ,  sk ew n ess , and  k u r t o s i s  em ployed h e r e i n  a r e  d e r iv e d  from  th e  
m ethods d e v e lo p ed  by F o lk  (1 9 6 8 , p .  4 5 - 4 8 ) .  The v e r b a l  c l a s s i f i c a t i o n  
u sed  f o r  th e  g r a in  s i z e  s t a t i s t i c a l  p a ra m e te r s  i s  a c c o rd in g  t o  t h a t  o f  
F o lk  (1 9 6 8 ) . T hese m e a su re s  w ere  d e v is e d  by  F o lk  and  Ward (1957) i n  
o rd e r  t o  i d e n t i f y  th e  c h a r a c t e r i s t i c s  o f  b im o d al s e d im e n ts  i n  th e  
B razos R iv e r ,  a  b r a id e d  r i v e r .  J a q u e t  and  V e rn e t (1976) found  t h a t  
e s s e n t i a l l y  th e  same i n t e r p r e t a t i o n  c a n  be o b ta in e d  from  th e  F o lk  s t a ­
t i s t i c s  o f  mean d ia m e te r ,  s ta n d a r d  d e v i a t i o n ,  and  skew ness a s  from  
moment m e a su re s . F o r k u r t o s i s ,  h o w ev er, th e  F o lk  s t a t i s t i c  i s  a  r a t i o  
o f  th e  s o r t i n g  o f  th e  t a i l s  o f  th e  d i s t r i b u t i o n  o v e r  t h e  s o r t i n g  o f  th e  
c e n t e r  o f  th e  d i s t r i b u t i o n ;  w h e re a s  J a c q u e t  and V e rn e t (1 9 7 6 , p .  3 0 9 ) ,  
r e p o r t i n g  from  th e  w ork o f  J o n e s ,  d e f in e  moment k u r t o s i s  a s  a  m easu re  
o f  th e  le n g th  o f  th e  t a i l s  r e l a t i v e  t o  a  n o rm al d i s t r i b u t i o n  o f  th e  
same v a r i a n c e .
The F o lk  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te rs  w ere  o b ta in e d  v i a  
com puter a n a l y s i s .
F u r th e r  d e t a i l s  o f  t h e  m ethods and  p ro c e d u re s  em ployed a r e  p r e ­
s e n te d  i n  A ppend ices I I ,  I I I ,  IV , V, an d  V I.
MORPHOLOGIC CHANGES
B e fo re  S p r in g  F lo o d in g
T h ic k n e s s  o f  Snow Cover
F ie l d  s t u d i e s  beg an  on May 6 th .  A t t h i s  tim e  o n ly  th e  t a l l e s t  
w illo w s  on th e  l o n g i tu d in a l  b a r  p r o je c te d  above th e  snow ( F ig .  7 ) 
w h ich  c o v e re d  th e  l o n g i tu d in a l  b a r ,  s id e  b a r ,  and th e  r i v e r  i c e .
The f i r s t  h a l f  o f  May was a  tim e  o f  o c c a s io n a l  l i g h t  snows and  
p re d o m in a n tly  n o r th e a s t  w in d s . The l i g h t  snows had l i t t l e  e f f e c t  on 
th e  n e t  snow d e p th s .  The w in d s , h o w ev er, d id  a l t e r  th e  fo rm s 
d e v e lo p e d  on th e  snow c o v e r  ( F ig .  8 )  and  o c c a s io n a l ly  ex p o sed  i s o l a t e d  
a r e a s  o f  l i m i t e d  e x t e n t  on th e  l o n g i t u d i n a l  b a r  (F ig .  9 ) .  F o r th e  
movement o f  th e  f r o z e n  b a r  s e d im e n ts ,  th e  w ind was a lm o s t t o t a l l y  i n ­
e f f e c t i v e .
On May 1 3 th  and  1 4 th ,  th e  th ic k n e s s  o f  th e  snow c o v e r  was 
d e te rm in e d  a t  5 f o o t  i n t e r v a l s  a lo n g  5 t r a v e r s e s  ( F ig s .  1 0 -1 4 ) a c r o s s  
th e  l o n g i tu d in a l  b a r  and  th e  a d j a c e n t  i c e  c o v e r  o f  th e  s id e  c h a n n e l .  
The f i g u r e s  show th e  in f lu e n c e  o f  to p o g ra p h y , d i r e c t i o n  o f  e x p o s u re ,  
an d  v e g e t a t i o n  on th e  th i c k n e s s  o f  snow c o v e r .  Snow d e p th s  on th e  
l o n g i t u d i n a l  b a r  a r e  sum m arized i n  T a b le  1 .
N o r th e a s t  w in d s , w h ich  p r e v a i l e d  d u r in g  th e  w in te r  m o n th s , 
rem oved snow from  th e  tu n d ra  s u r f a c e  e a s t  o f  th e  s tu d y  a r e a .  Some o f  
t h i s  snow a c c u m u la te d  a s  t h i c k  d r i f t s  on th e  le e  o f  t h e  b l u f f  a d j a c e n t  
t o  th e  s id e  c h a n n e l .  T hese  d r i f t s ,  w h ich  p e r s i s t e d  th ro u g h o u t th e  
m onth  o f  May, e x te n d e d  a lo n g  th e  r i g h t  bank  and  c o m p le te ly  c o v e re d  th e
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F ig u re  7 .  I n  e a r l y  May th e  c o m p le te  snow c o v e r  o f  th e  
l o n g i t u d i n a l  b a r .  O nly  th e  t a l l e r  w illo w s  
( i . e . ,  g r e a t e r  th a n  4  f e e t )  p r o j e c t  a p p r o x i ­
m a te ly  tw o f e e t  ab o v e  th e  snow.
F ig u re  8 .  E f f e c t s  o f  d e f l a t i o n  on a  s n o w d r i f t ,  a p p r o x i ­
m a te ly  one f o o t  h ig h ,  by th e  p r e v a i l i n g  n o r th e a s t  
w in d s .
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F ig u re  9 . D e f la t io n  o f  snow from  a  n o r t h e a s t  f a c in g  s lo p e  
o f  th e  l o n g i tu d in a l  b a r  i n  m id-M ay. The t a l l e r  
w illo w s  ( i . e . ,  g r e a t e r  th a n  4  f e e t )  co m p rise  
th e  v e g e t a t i o n  i n  th e  b a c k g ro u n d . A f i v e  f o o t  
lo n g  ro d  c a n  be  s e e n  i n  th e  f o r e g ro u n d .
F ig u re  10 . Snow c o v e r  i n  m id-M ay, 1971 , p r o f i l e  A-A * o f  
F ig u re  6 .
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S N O W G O V t R  
M O -M A Y >971
F ig u re  11 . Snow c o v e r  i n  m id-M ay, 1971 , p r o f i l e  B -B ' o f  
F ig u re  6 .
F ig u re  12. Snow c o v e r  i n  mid-M ay, 1971, p r o f i l e  C-C ' o f
Figure 6.
F ig u re  1 3 . Snow c o v e r  i n  m id-M ay, 9171 , p r o f i l e  D-D' o f  
F ig u re  6 .
SNOW COVEN 
MID-MAY 1971
F ig u re  14 . Snow c o v e r  i n  mid-M ay, 1971, p r o f i l e  E -E 1 o f  
F ig u re  6 .
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TABLE 1 . SNOW COVER OF LONGITUDINAL BAR1
PROFILE2 MAX MIN AV DESCRIPTION
i n cm i n cm i n cm
A-A1 18 4 5 .7 0 0 7 .3 1 8 .5 a c r o s s  u n v e g e ta te d  g r a v e l  s h e e t
B -B ' 32 8 1 .3 0 0 9 .9 2 5 .1 a c r o s s  u n v e g e ta te d  g r a v e l  s h e e t
C -C ' 78 1 9 8 .1 1 2 .5 2 3 .1 5 8 .7 th ro u g h  t a l l e r  w illo w s
D-D' 4 0 1 0 1 .6 0 0 1 4 .3 3 6 .3 th ro u g h  t a l l e r  w il lo w s
E -E ' 23 5 8 .4 0 0 1 1 .0 2 7 .9 th ro u g h  s m a l le r  w il lo w s
^Does n o t  i n c l u d e :  (1 )  snow c o v e r  above r i v e r  i c e
(2 )  d r i f t s  a t  b a s e  o f  b l u f f s
^See F ig u re  6 f o r  p r o f i l e  lo c a t io n s
s id e  b a r .  T h e r e f o r e ,  u n t i l  th e  s p r in g  f lo o d ,  t h e  s id e  b a r  rem a in ed  
v i r t u a l l y  u n c h a n g e d .
From th e  5 t r a v e r s e s ,  th e  a v e ra g e  d e p th  o f  snow c o v e r  on th e  b a r  
was found  t o  b e  1 4 .2  i n  (36 cm) w i th  a  ra n g e  o f  0 i n  (0  cm) t o  78 in  
(198 cm ). T r a v e r s e s  A -A ' an d  B -B ',  w h ich  a r e  a c r o s s  th e  u n v e g e ta te d  
g r a v e l  s h e e t  ( s u b a re a  3 ) a t  th e  s o u th  end  o f  th e  b a r ,  had th e  minimum 
a v e ra g e  t h i c k n e s s e s ,  7 .3  i n  (1 8 .5  cm) and  9 .9  i n  (2 5 .1  cm ), r e s p e c ­
t i v e l y .  The maximum th i c k n e s s e s  on th e  g r a v e l  s h e e t  a r e  18 i n  (4 5 .7  cm) 
and  32 i n  (8 1 .3  cm) r e s p e c t i v e l y .  The g r e a t e s t  snow a c c u m u la tio n  was 
found  a lo n g  t r a v e r s e s  C -C ' and  D-D1 i n  th e  a r e a  o f  t h e  t a l l e r  w il lo w s ,  
th o s e  m ore th a n  4 f e e t  i n  h e i g h t ,  w h ich  o c c u r  a t  t h e  h ig h e r  e l e v a t i o n s  
on  th e  b a r .  The maximum a c c u m u la tio n s  f o r  C-C ' an d  D-D ' w ere  78 i n  
(1 9 8 .1  cm) and  40  i n  (1 0 1 .6  cm ), r e s p e c t i v e l y ,  w i th  a n  a v e ra g e  o f  2 3 .1  
i n  (5 7 .7  cm) and  1 4 .3  i n  (3 6 .3  cm ), r e s p e c t i v e l y .  T ra v e r s e  E -E ' th ro u g h  
th e  s m a ll  w i l lo w s ,  l e s s  th a n  4  f e e t  i n  h e i g h t ,  had  a  maximum th ic k n e s s  
o f  23 i n  (5 8 .4  cm) and  a n  a v e ra g e  th i c k n e s s  o f  11 i n  (2 7 .9  cm ).
The snow d e p th  d a ta  i n d i c a t e s  t h a t  w i th in  th e  s tu d y  a r e a  th e
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t h i c k e s t  snow a c c u m u la t io n s  o c c u r  on th e  le e  o f  th e  b l u f f  an d  w i th i n  
th e  l a r g e  w illo w s  a t  t h e  h ig h e r  e l e v a t i o n s  o f  t h e  l o n g i t u d i n a l  b a r .  
T h ese  g e n e r a l  c h a r a c t e r i s t i c s  o f  snow a c c u m u la tio n , a s  r e c o rd e d  i n  m id - 
May o f  1971, p ro b a b ly  d o  n o t  d i f f e r  a p p r e c ia b ly  from  th o s e  t h a t  e x i s t e d  
th ro u g h o u t th e  w in te r  m o n th s .
A b la t io n  o f  Snow C over
By May 1 3 th ,  p o r t i o n s  o f  th e  l o n g i tu d in a l  b a r  had  b e e n  ex p o sed  
an d  rem a in ed  c l e a r  o f  snow . The ex p o sed  a r e a s  o f  th e  b a r  in c lu d e d  th e  
w es t f a c in g  s lo p e  o f  t h e  l in g u o id  g r a v e l  r i d g e ,  th e  u n p r o te c te d  n o r t h ­
e a s t  f a c in g  s lo p e s ,  an d  th e  wave b u i l t  r id g e s  a lo n g  s t r a n d  l i n e s  
form ed d u r in g  v a r y in g  r i v e r - s t a g e s  o f  p re v io u s  y e a r s .  The ex p o se d  
s t r a n d  l i n e s  o c c u r re d  p r im a r i l y  on th e  g e n t ly  s lo p in g  s o u th e r n  and  
n o r th e r n  e x t r e m i t i e s  o f  th e  b a r .  E xcep t f o r  th e  w es t f a c in g  s lo p e  o f  
t h e  l in g u o id  g r a v e l  r i d g e ,  w h ich  was exposed  p r im a r i ly  due t o  th e  
e f f e c t i v e n e s s  o f  i n s o l a t i o n  on th e  t h i n  snow c o v e r ,  th e  ex p o sed  a r e a s  
w ere  form ed by d e f l a t i o n  o f  th e  snow c o v e r  by n o r th e a s t  w in d s  an d  by 
s u b se q u e n t e n la rg e m e n t b y  m e l t in g .
W ith  th e  re m o v a l o f  th e  p r o t e c t i v e  snow c o v e r  from  p o r t i o n s  o f  
n o r th e a s t  f a c in g  s l o p e s ,  th e  ex p o sed  s u r f i c i a l  s e d im e n ts  w h ich  had  
thaw ed l o c a l l y  w ere  p a r t l y  rem oved by th e  w ind . Some o f  t h e  d e f l a t e d  
se d im e n ts  w ere  d e p o s i t e d  downwind upon th e  snow c o v e r  o f  th e  m ain  
c h a n n e l .  I n  snow c o v e re d  a r e a s ,  w here  th e  a lb e d o  was d e c r e a s e d  by  th e  
d e p o s i t i o n  o f  a  t h i n  v e n e e r  o f  w ind  blow n s i l t ,  s u r f a c e  te m p e r a tu r e s  
in c r e a s e d  m ore r a p i d l y  th a n  on c l e a n  snow and i s o l a t e d  p o o ls  o f  m e l t -  
w a te r  fo rm ed  on th e  r i v e r  i c e .  Had th e  la y e r  o f  w ind blow n se d im e n t 
b een  t h i c k  ( i . e . ,  s e v e r a l  cm) th e  e f f e c t  on th e  b u r ie d  snow w ould  h ave
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b een  to  i n s u l a t e  th e  snow and  r e t a r d  m e l t in g  (W alker an d  M cCloy, 1 9 6 9 ).
B etw een e l e v a t i o n s  o f  0  f t  and  8 f t  ( O n  an d  2 . 4  m) e x te n s iv e  
a r e a s  o f  th e  n o r t h e a s t  f a c in g  s lo p e  o f  t h e  l o n g i tu d in a l  b a r  w ere  ex p o sed  
by May 2 0 th .  A t t h i s  tim e  th e  t h i c k  a c c u m u la tio n s  o f  snow i n  th e  
w il lo w s ,  lo c a te d  ab o v e  th e  8 f o o t  c o n to u r ,  w ere  a c t i v e l y  m e l t i n g .  As 
th e  m e ltw a te r  f lo w ed  d o w nslope  and  th ro u g h  th e  ex p o sed  a r e a s  o f  n o r t h ­
e a s t  f a c in g  s l o p e s , . i t  fo rm ed  s m a ll  s t r e a m l e t s  w h ich  e ro d e d  s u r f a c e  
se d im e n ts  on th e  b a r .  As t h e  s t r e a m le t s  f lo w ed  dow nslope  o n to  lo w e r-  
g r a d ie n t  s l o p e s ,  s m a ll  d e l t a - s h a p e d  lo b e s  o f  s e d im e n t w ere  d e p o s i te d  
( F ig .  1 5 ) .  T h ese  lo b e s  o c c u r r e d  a t  th e  b a s e s  o f  t e r r a c e t s  c u t  by wave 
a c t i o n  d u r in g  p r e v io u s  y e a r s ,  a t  th e  e d g e s  o f  s m a ll  p o o ls  o f  w a te r  
im pounded b e h in d  w a v e - b u i l t  r i d g e s  a lo n g  s t r a n d  l i n e s  fo rm ed  i n  p re v io u s  
y e a r s ,  on  th e  s u r f a c e  o f  snow c o v e r  re m a in in g  on th e  g e n t l e  low er s lo p e s  
o f  th e  b a r ,  an d  on t h e  a d j a c e n t  r i v e r  i c e .  A lth o u g h  t h i s  e r o s io n  
o c c u rre d  on o th e r  p a r t s  o f  th e  b a r ,  i t  w as m ost e x t e n s i v e  on n o r th e a s t  
f a c in g  s lo p e s .  The l i k e l i h o o d  o f  th e  d e l ta - s h a p e d  lo b e s  s u r v iv in g  th e  
s p r in g  f lo o d  i s  re m o te .
T h ic k n e ss  o f  R iv e r  I c e
On May 2 0 th  a  h o le  w as b o re d  th ro u g h  th e  i c e  w h ich  was found t o  
be 74 i n  (1 .8 8  m) t h i c k .  A t t h i s  d e p th ,  w a te r  was i n  c o n t a c t  w ith  th e  
i c e  and had  a  te m p e ra tu r e  o f  0 .0 °C . I t  i s  t o  be e x p e c te d  t h a t  i n  
s e c t io n s  o f  c h a n n e l l e s s  th a n  74 i n  (1 .8 8  m) i n  d e p th ,  th e  r i v e r  i c e  
w ould have b een  f r o z e n  t o  t h e  c h a n n e l b o tto m  s e d im e n ts .
T h ro u g h o u t th e  C o l v i l l e  R iv e r  d e l t a ,  th e  t h i c k n e s s  o f  r i v e r  i c e  
i n  l a t e  w in te r  i s  found  t o  b e  a p p ro x im a te ly  6 f t  ( 1 .8  m) (A rn b o rg , e t  
a l . ,  1 9 6 7 ).
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F ig u re  1 5 . S ed im en t ex p o sed  i n  mid-May on a  n o r th e a s t
f a c in g  s lo p e  o f  t h e  l o n g i tu d in a l  b a r .  M e ltw a te r  
h a s  b u i l t  a  s m a ll  d e l t a  lo b e  a t  th e  b a s e  o f  a  
wave c u t  t e r r a c e  w h ich  form ed d u r in g  th e  p r e v io u s  
y e a r .  A r o c k  hammer i s  p r e s e n t  i n  th e  c e n t e r  
f o r e g r o u n d .
S p r in g  F lo o d in g
D u rin g  s p r in g  f l o o d in g ,  ch an g e s  i n  s t a g e  w ere  n o t  o b ta in e d  f o r  
th e  s tu d y  a r e a .  H ow ever, a t  S e c t io n  1 ( F ig .  2 ) ,  0 .6  mi (1  km) u p ­
s tr e a m , a  c o m p le te  r e c o r d  was o b ta in e d  and  co m p iled  by  W alker ( p e r s o n a l  
c o m m u n ic a tio n ). T h ro u g h o u t' th e  fo l lo w in g  d i s c u s s io n ,  th e  s t a g e s ,  a s  
g iv e n  f o r  S e c t io n  1 , a r e  c o n s id e r e d  t o  be  r e p r e s e n t a t i v e  o f  w a te r  
l e v e l s  i n  th e  s tu d y  a r e a .
By th e  l a t t e r  p a r t  o f  May, m e ltw a te r  had begun t o  a c c u m u la te  on 
to p  o f  th e  r i v e r  i c e .  The f i r s t  m e a su ra b le  d is c h a r g e  o f  th e  C o l v i l l e
R iv e r  o c c u rre d  on May 2 8 th .  A t t h i s  tim e  th e  s ta g e  ro s e  from  3 .1  i n
(8  cm) to  4 4 .5  i n  ( 1 .1  m) i n  a  p e r io d  o f  20 h o u r s .
The w a te r  l e v e l  c o n t in u e d  t o  r i s e  and  on Ju n e  1 s t  a t  1700 h r s
26
t h e  s ta g e  had re a c h e d  a p p ro x im a te ly  1 1 .5  f t  ( 3 .5  m ). A t t h i s  tim e  th e  
s i d e  b a r  was e n t i r e l y  subm erged . On th e  l o n g i tu d in a l  b a r  o n ly  th e  
h ig h e r  v e g e ta te d  a r e a s  o f  g r a s s  a n d  w illo w s  rem a in ed  em erg en t ( F ig .  1 6 ) .  
On th e  r i v e r  c h a n n e l th e  i c e  f r o z e n  t o  t h e  c h a n n e l  b o tto m  se d im e n ts  
w as subm erged. H owever, r i v e r  i c e  n o t  f r o z e n  t o  t h e  b o tto m  b ro k e  lo o s e  
from  th e  b o t to m - fa s t  i c e  and  w as buoyed  upw ard by th e  r i s i n g  f lo o d  
w a te r s .  T h is  m ass o f  i c e  f l o a t e d  a s  a  m ore o r  l e s s  s o l i d  s h e e t  w h ich  
h ad  o n ly  s l i g h t l y  d is a s s e m b le d  a lo n g  c r a c k s  o r i g i n a t i n g  e i t h e r  a t  o r  
a f t e r  th e  tim e o f  f re e z e u p  ( F ig s .  17 & 1 8 ) .  The f l o a t i n g  i c e  s h e e t  i n  
m o st c a s e s  s t i l l  c a r r i e d  i t s  c o v e r  o f  snow ( F ig .  1 9 ) .
T hroughout th e  d e l t a  o f  t h e  C o l v i l l e  R iv e r ,  j u s t  p r i o r  t o  b r e a k ­
u p ,  bands o f  f l o a t i n g  i c e  m arked th e  d e e p e r  p a r t s  o f  c h a n n e ls  (A rn b o rg , 
e t  a l . ,  1966, p .  2 0 4 ) . W ith in  th e  s tu d y  a r e a ,  th e  p la n  view  o f  th e  
f l o a t i n g  ic e  ban d s was t h a t  o f  a  Y p o in t in g  d ow nstream . The Y -shaped  
a r e a  in c lu d e d  s in u o u s  b an d s  i n  b o th  th e  s id e  c h a n n e l and  th e  m ain  
c h a n n e l .  Downstream from  th e  l o n g i t u d i n a l  b a r ,  th e  tw o b an d s  c o a le s c e d .  
A lm ost c o m p le te ly  s u r ro u n d in g  th e  b an d s  o f  f l o a t i n g  i c e  w ere th e  f lo o d  
w a te r s  w hich  w ere  n e a r l y  d e v o id  o f  s u r f i c i a l  i c e .
U n t i l  b re a k u p , th e  f lo o d  w a te r s  o f  th e  C o lv i l l e  R iv e r  w ere 
f o r c e d  t o  flow  a ro u n d  an d  tin d e r  t h e  b an d s  o f  f l o a t i n g  i c e ,  w h ich  r e ­
m ained  a lm o s t s t a t i o n a r y .  O c c a s io n a l ly  a  b lo c k  o f  f l o a t i n g  i c e  was 
o b se rv e d  b e in g  moved dow nstream  by  th e  c u r r e n t .  I f  th e  b lo c k  w ere 
lo c a te d  a t  some p o s i t i o n  w i th i n  th e  c e n t e r  o f  th e  Y -shaped  bands o f  i c e ,  
i t  w ould u l t im a te ly  come t o  r e s t  a t  th e  j u n c t i o n  o f  th e  tw o b a n d s . I n  
t h i s  m anner th e  bands o f  i c e  becam e te m p o ra ry  b a r r i e r s  t o  th e  down­
s tre a m  movement o f  ic e  b lo c k s .  B eh ind  t h i s  te m p o ra ry  dam, i c e  b lo c k s
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F ig u r e  16 . U p stream  a e r i a l  v iew  o f  th e  a lm o s t t o t a l l y  s u b ­
m e rg ed , snow co v e re d  l o n g i tu d in a l  b a r  ta k e n  
Ju n e  2nd a p p ro x im a te ly  2 h r s  b e f o r e  b re a k u p . 
O nly  th e  w illo w s  re m a in  ab o v e  w a te r  a t  a  r i v e r  
s t a g e  o f  13 f t  ( 4 .0  m ). The a c r o s s  b a r  w id th  
i s  a p p ro x im a te ly  300 f t  (91 m ).
/  /
F ig u re  17 . U pstream  a e r i a l  v iew  o f  p re b re a k u p  s p r in g
f lo o d in g .  F lo a t in g  i c e  bands a p p ro x im a te ly  300 
f t  (91 m) w ide m ark th e  d e e p e s t  p a r t s  o f  th e  
m ain  c h a n n e l and  th e  s id e  c h a n n e l .
F ig u re  18 . F lo a t in g  i c e  b lo c k s  im pounded a t  t h e  p o in t  o f  
j u n c t i o n  o f  t h e  f l o a t i n g  i c e  b an d s  o f  F ig u re  
17 . Beyond t h e  b lo c k s  i s  th e  snow c o v e re d  an d  
p a r t i a l l y  subm erged l o n g i tu d in a l  b a r .  The 
a r c u a te  a r e a  o f  open  w a te r  ( l e f t  fo re g ro u n d )  i s  
th e  p o s i t i o n  o f  th e  subm erged s id e  b a r .
F ig u re  19. View o f  th e  band o f  f l o a t i n g  i c e  i n  th e  s id e  
c h a n n e l w i th  th e  s l i g h t l y  d is a s s e m b le d  th i c k  
s n o w d r i f ts  r e s t i n g  on th e  r i v e r  i c e  i n  th e  
le e  o f  th e  b l u f f s .
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c o n t in u e d  t o  c o l l e c t  u n t i l  t h e  tim e  o f  b re a k u p  ( F ig s .  1 7 , 18, & 1 9 ) .
On th e  l o n g i tu d in a l  b a r ,  tw o to p o g ra p h ic  d e p r e s s io n s  e x te n d  
d ia g o n a l ly  a c r o s s  th e  s o u th  end  o f  t h e  w illo w  a r e a  ( F ig .  6 ) .  When th e  
r i v e r  s t a g e  e x c e e d s  11 f t  ( 3 .4  m ) , a s  i t  d id  on  Ju n e  1 s t ,  t h e  m ost 
s o u th e r l y  o f  th e  d e p r e s s io n s  becom es a  th ro u g h  c h a n n e l  a c r o s s  t h e  w id th  
o f  th e  w i l lo w s .  When th e  r i v e r  s t a g e  e x c e e d s  13 f t  ( 4 .0  m ) , th e  second  
d e p r e s s io n  becom es a  th ro u g h  c h a n n e l .  As th e  f lo o d  w a te r s  r i s e ,  n o t  
o n ly  i s  th e  r i v e r  c u r r e n t  d i r e c t e d  th ro u g h  th e  m ain  c h a n n e l and  s id e  
c h a n n e l ,  b u t a l s o  a l im i t e d  am ount o f  flo w  o c c u rs  a c r o s s  t h e  l o n g i ­
t u d i n a l  b a r  th ro u g h  th e  two r a t h e r  r e s t r i c t e d  an d  n a rro w  c h a n n e ls  i n  
th e  w i l lo w s .  The c u r r e n t  i n  th e s e  c h a n n e ls  f lo w s  from  th e  m ain  c h a n n e l 
i n t o  th e  s id e  c h a n n e l .  T hese  c r o s s - b a r  f lo w s  a p p e a r  t o  d e v e lo p  y e a r l y .  
T h is  i s  a p p a r e n t  from  s m a ll c h a n n e ls  c u t  b y  s t r e a m l e t s  i n t o  th e  n o r t h ­
e a s t  f a c in g  s lo p e  o f  th e  l o n g i t u d i n a l  b a r .  On a e r i a l  p h o to g ra p h s  
th e s e  s m a ll  c h a n n e ls  a r e  fou n d  t o  re m a in  i n  a p p ro x im a te ly  th e  same p o s i ­
t i o n  from  one y e a r  t o  th e  n e x t .
W ith in  th e  s tu d y  a r e a ,  b re a k u p  o c c u r re d  on  Ju n e  2nd and 3 rd .
A t F u tu  b re a k u p  began  a t  1900 h r s  on Ju n e  2 n d . I n  1971 b reak u p  was 
o b s e rv e d  o c c u r r in g  f i r s t  a t  t h e  head  o f  th e  d e l t a  and  th e n  p r o g r e s s in g  
dow nstream  (W alk e r, 1 9 7 3 b ). T h e r e f o re ,  i t  i s  c o n c lu d e d  t h a t  b reak u p  in  
th e  s tu d y  a r e a  commenced a  s h o r t  t im e  p r i o r  t o  t h a t  o f  F u tu .
D u rin g  b re a k u p , a lm o s t th e  e n t i r e  s u r f a c e  w id th  o f  th e  r i v e r  
c h a n n e l becam e a  m ass o f  f l o a t i n g  i c e  b lo c k s .  T h ese  b lo c k s  w ere 
d e r iv e d  from  fra g m e n ts  o f  th e  f l o a t i n g  i c e  b an d s  w h ich  became d is a s s e m ­
b le d  and  from  b o t to m - f a s t  i c e  w h ich  b ro k e  lo s e  from  th e  c h a n n e l b o tto m . 
I n  some i n s t a n c e s ,  th e  i c e  b lo c k s  c a r r i e d  se d im e n t w h ich  was e i t h e r
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d e p o s i te d  on t h e i r  u p p e r  s u r f a c e s  a n d /o r  f r o z e n  o n to  t h e i r  lo w er s u r ­
f a c e s .  The e n t i r e  m ass o f  f l o a t i n g  i c e  b lo c k s  w as b e in g  c a r r i e d  down­
s tre a m  by th e  c u r r e n t .
The v a r i a t i o n s  i n  s ta g e  w hich  accom pany b re a k u p  a r e  c r i t i c a l  
i n  d e te rm in in g  t h e  a b i l i t y  o f  th e  i c e  b lo c k s  t o  a l t e r  to p o g r a p h ic a l  
o b s t r u c t io n s  w h ich  th e y  e n c o u n te r .  I f  th e  s ta g e  i s  r i s i n g ,  th e  b lo c k s  
a r e  m ore l i k e l y  t o  be f l o a t e d  a c r o s s  o b s t r u c t io n s  an d  w i l l  have  l i t t l e  
t o  no  e f f e c t  on  th e  to p o g ra p h y . I f  th e  s ta g e  i s  f a l l i n g ,  th e  b lo c k s
a r e  m ore l i k e l y  t o  e n c o u n te r  th e  b o tto m  and th e r e b y  a l t e r  o b s t r u c t i o n s .
When b re a k u p  b e g a n  i n  1971 , th e  s ta g e  w as r i s i n g .  A few h o u rs  
l a t e r ,  th e  s ta g e  re a c h e d  a  maximum and  th e  re m a in d e r  o f  b re a k u p  c o r r e s ­
ponded t o  a  tim e  o f  f a l l i n g  s t a g e .  T h is  d ro p  i n  s t a g e  f a c i l i t a t e d  th e  
g ro u n d in g  o f  i c e  b lo c k s  on th e  l o n g i tu d in a l  b a r .
The maximum h e ig h t  t o  w h ich  th e  s ta g e  r o s e  on th e  l o n g i tu d in a l  
b a r  was d e te rm in e d  by  n o t in g  th e  maximum h e ig h t  t o  w h ich  sed im en t had 
b een  d e p o s i te d  upon th e  b ra n c h e s  o f  th e  l a r g e  w i l lo w s .  The maximum
h e ig h t  was 1 7 .8  f t  ( 5 .4  m ), w h ich  e q u a le d  th e  maximum s ta g e  r e c o rd e d  a t
S e c t io n  1 . T h is  s ta g e  o c c u rre d  on J u n e  3 r d .  A t t h e  tim e  o f  maximum 
s t a g e ,  th e  l o n g i t u d i n a l  b a r  was a lm o s t t o t a l l y  su bm erged .
The e f f e c t s  o f  subm ergence o f  th e  l o n g i t u d i n a l  b a r  on snow 
c o v e r  ca n  be  s e e n  i n  F ig u re  2 0 . On Ju n e  2 n d , j u s t  p r i o r  t o  th e  a lm o s t 
t o t a l  subm ergence o f  th e  b a r ,  snow c o v e r  was d e te rm in e d  a t  5 f o o t  
i n t e r v a l s  a lo n g  a  t r a v e r s e  a c r o s s  th e  w id th  o f  t h e  l o n g i tu d in a l  b a r .
A t t h i s  tim e  th e  maximum snow d e p th  was found  t o  be 50  i n  (127 cm ). 
A f te r  b reak u p  on Ju n e  7 th ,  snow d e p th s  w ere  a g a in  d e te rm in e d  a t  5 f o o t  
i n t e r v a l s  a lo n g  th e  same t r a v e r s e .  A t t h i s  tim e  a  maximum snow c o v e r
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F ig u re  2 0 . Snow c o v e r  and  d e p th  o f  thaw  on th e  l o n g i tu d in a l  
b a r  p r o f i l e  F - F ' o f  F ig u re  6 .  W ater l e v e l s  a r e  
g iv e n  f o r  Ju n e  2 ,  3 ,  and 7 .
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d e p th  o f  36 i n  (9 1 .4  cm) was r e c o r d e d .  Even a f t e r  a n  a lm o s t  t o t a l  
subm ergence o f  t h e  lo n g i tu d in a l  b a r ,  f lo o d  w a te r  was in c a p a b le  o f  
c o m p le te ly  rem ov ing  th e  snow c o v e r .
D u rin g  a  s e r i e s  o f  warm d ay s  r a p id  m e lt in g  o f  th e  snow c o v e r  
o c c u rre d  on th e  l o n g i t u d i n a l  b a r .  A t t h i s  tim e  a  maximum te m p e ra tu r e  
o f  2 2 .8 °C  was re c o rd e d  on Ju n e  7 th  a t  P u tu  (McKenzie and  W a lk e r ,  1 9 7 4 ). 
By Ju n e  9 th  th e  l o n g i t u d i n a l  b a r  was a lm o s t d e v o id  o f  snow.
W ith  em ergence o f  th e  l o n g i tu d in a l  b a r  ( F ig s .  2 1 - 2 4 ) ,  th e  
e f f e c t s  o f  s p r in g  f lo o d in g  became a p p a r e n t .  On Ju n e  6 t h ,  a f t e r  b re a k u p ,
a  t o t a l  o f  57 i c e  b lo c k s  w ere  found  g rounded  on th e  b a r  ( F ig .  2 1 ) .  The
b lo c k s  w ere  p r im a r i l y  p o s i t i o n e d  on th e  bank  a d ja c e n t  t o  t h e  m ain  
c h a n n e l b e tw een  e l e v a t i o n s  o f  11 and  13 f t  ( 3 .4  and 4 .0  m) ( F ig .  6 ) .
Of th e  57 b lo c k s ,  o n ly  7 w ere  found  g rounded  on th e  b an k  a d j a c e n t  t o
th e  s id e  c h a n n e l .
When th e  s ta g e  d ro p p ed  a f t e r  b re a k u p  and  th e  i c e  b lo c k s  m e lte d ,  
d e p r e s s io n s  a  few in c h e s  i n  d e p th  w ere  found  a t  th e  p o s i t i o n s  o f  th e  
fo rm e r  i c e  b lo c k s .  T h ese  d e p r e s s io n s  form ed due t o  s e d im e n ta t io n  
a ro u n d  th e  b lo c k s  d u r in g  f lo o d in g  and  w ere f u r t h e r  a c c e n tu a te d  by  s m a ll  
d e l t a - l i k e  se d im e n t lo b e s  d e p o s i te d  by m e ltw a te r  a ro u n d  th e  b a s e  o f  th e  
b lo c k s .  D u rin g  m e l t i n g ,  sed im en t p r e s e n t  on th e  b lo c k s  w as c o n c e n ­
t r a t e d  i n t o  c r a c k s  w h ich  had  d e v e lo p e d  i n  th e  i c e .  When th e  b lo c k s  had  
f u l l y  m e l te d ,  s m a ll  r i d g e s  o f  se d im e n t w ere  form ed w here  c r a c k s  had 
e x i s t e d .
V ery l i t t l e  v i s i b l e  a l t e r a t i o n  o f  s u r f i c i a l  s e d im e n ts  o f  th e  
b a r  can  be d i r e c t l y  a t t r i b u t e d  t o  th e  m o tio n  o f  s p e c i f i c  i c e  b lo c k s .  
T r a i l s  l e f t  by  i c e  b lo c k s  to u c h in g  b o tto m  w ere th e  m ost ab u n d a n t
F ig u re  2 1 . On Ju n e  6 th ,  a  p o s tb re a k u p  a e r i a l  v iew  o f  th e  
l o n g i tu d in a l  b a r  w i th  t h e  m a in  c h a n n e l on i t s  
lo w er s id e  a n d  th e  s i d e  c h a n n e l  on i t s  u p p e r  s i d e .  
The s m a ll  l i g h t  a r e a s  on th e  b a r  ( lo w e r  s i d e )  a r e  
g ro u n d ed  i c e  b lo c k s .  The l a r g e r  l i g h t  a r e a s  a r e  
s n o w d r i f t s .  See c r o s s  b a r  f lo w  c h a n n e l ,  u p p e r  
m id d le  r i g h t  e d g e .
"V..
F ig u re  2 2 . D ownstream  a e r i a l  v ie w , Ju n e  1 1 th ,  a c r o s s  th e
l o n g i tu d in a l  b a r  a t  a  s t a g e  o f  7 f t  (2.1 m ). See 
th e  p a r t i a l l y  em erg en t g r a v e l  s h e e t ,  s u b a re a  3 
(lo w er l e f t ) .  See th e  p a r t i a l l y  em erg en t 
l in g u o id  sh ap ed  g r a v e l  r i d g e ,  s u b a re a  4 (u p p e r  
l e f t ) .
F ig u re  2 3 . L ook ing  u p s tr e a m , Ju n e  1 1 th , a c r o s s  th e  l o n g i ­
t u d i n a l  b a r .  F a i n t l y  o u t l in e d  below  th e  em er­
g e n t  p o r t i o n  o f  t h e  b a r  i s  th e  l in g u o id  sh ap ed  
g r a v e l  r i d g e ,  s u b a re a  4  ( lo w e r r i g h t ) .
F ig u re  2 4 . The dow nstream  t i p  o f  th e  l o n g i tu d in a l  b a r ,  
Ju n e  1 1 th ,  w i th  t h e  em erg en t p o r t i o n  o f  th e  
l i n g u o id  sh ap ed  g r a v e l  r i d g e ,  s u b a re a  4 
( lo w e r  r i g h t ) .
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f e a t u r e .  T hese  t r a i l s ,  d e v e lo p e d  i n  b o th  f i n e  and  c o a r s e  g ra in e d  
m a t e r i a l s  ( F ig s .  25 & 2 6 ) ,  c o n s i s t e d  o f  tw o o r  m ore p a r a l l e l  r id g e s  
h a v in g  a  h e ig h t  o f  a  few in c h e s  a t  m o st and  e x te n d in g  f o r  s e v e r a l  f e e t .  
The t r a i l s  w ere u s u a l l y  somewhat d is c o n t in u o u s  an d  ended  a b r u p t l y .  
T h e re fo re  m o st t r a i l s  m ust h a v e  b e e n  form ed by  b lo c k s  w h ich  te m p o r a r i ly  
to u c h e d  b o tto m .
The t r a i l s  fo rm ed  i n  sa n d s  and  s i l t s  a r e  n o t  l i k e l y  t o  be 
p re s e rv e d  from  one y e a r  t o  th e  n e x t ;  w h e re a s ,  th e  t r a i l s  form ed w i th in  
th e  g r a v e l s  a r e  m ore l i k e l y  t o  b e  p r e s e r v e d .  A s e c t i o n  o f  a  t r a i l  
lo c a te d  on th e  g r a v e l  s h e e t  ( s u b a re a  3 ) was p a in te d  p r i o r  t o  f lo o d in g .  
A f t e r  f lo o d in g  some o f  t h e  g r a v e l s  had  b e e n  moved b u t m ost w ere  s t i l l  
i n  p la c e .
Of t h e  57 i c e  b lo c k s  g ro u n d ed  on  th e  lo n g i tu d in a l  b a r  i n  1971, 
o n ly  one w as found  a s s o c i a t e d  w ith  i t s  ic e - s h o v e d  r id g e  o f  sed im en t 
( F ig s .  27 & 2 8 ) .  T h is  r id g e  o f  ic e - s h o v e d  se d im e n t d i f f e r s  from  th e  
i c e  t r a i l s  i n  t h a t  i t  i s  form ed t r a n s v e r s e  t o  th e  d i r e c t i o n  o f  b lo c k  
m o tio n  and  i s  com posed o f  a  s i n g l e  r id g e  h a v in g  a  le n g th  o f  o n ly  a  few
f e e t  and  a  h e ig h t  w h ich  may ex ce ed  s e v e r a l  f e e t .  Above e l e v a t i o n s  o f
12 f t  (3 .7  m ), th e  l o n g i t u d i n a l  b a r  i s  a lm o s t e n c i r c l e d  by  r i d g e s  o f  
sed im e n t form ed by ic e - s h o v e .  I f  th e  c o n d i t io n s  o f  1971 w ere  t y p i c a l ,  
and  th e y  a p p e a r  t o  have  b e e n ,  i t  seem s l i k e l y  t h a t  o n ly  a  few ic e - s h o v e  
r i d g e s  form  e a c h  y e a r .  T h e i r  p r e s e n t  ab undance  on th e  b a r  ca n  be  a t t r i ­
b u te d  t o  t h e i r  p r e s e r v a t io n  from  one y e a r  t o  th e  n e x t .
On th e  l o n g i t u d i n a l  b a r  a t  th e  n o r th  end o f  th e  w il lo w s ,  th e r e
a r e  two la r g e  d e p r e s s io n s .  T h ese  tw o d e p r e s s io n s  may have form ed by 
ic e - s h o v e .  The s id e s  o f  th e  d e p r e s s io n s  n e a r e s t  th e  m ain  c h a n n e l w ere
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F ig u re  2 5 . T r a i l  form ed i n  th e  
g r a v e I s ,  s u b a re a  3 ,  
o f  th e  l o n g i tu d in a l  
b a r  by  a n  i c e  b lo c k  
te m p o r a r i ly  
g rounded  d u r in g  
b re a k u p .
F ig u re  2 6 . T r a i l  l e f t  i n  
r i p p l e  m arked s i l t s  
on th e  l o n g i tu d in a l  
b a r  by a n  i c e  b lo c k  
te m p o r a r i ly  
g ro u n d ed  d u r in g  
b r e a k u p .
F ig u re  2 7 . The o n ly  g ro u n d ed  i c e  b lo c k  on th e  l o n g i t u d i n a l  
b a r  d i r e c t l y  a s s o c i a t e d  t o  ic e - s h o v e d  s e d im e n t.  
I t  i s  i n  a n  u p r ig h t  p o s i t i o n  an d  r e s t s  on to p  
o f  th e  ic e - s h o v e d  s e d im e n t.
F ig u re  2 8 . The ic e - s h o v e d  sed im en t r id g e  a f t e r  th e
m e l t in g  o f  th e  i c e  b lo c k  shown i n  F ig u re  2 7 .
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th e  s i t e s  w here  th e  l a r g e s t  num ber o f  i c e  b lo c k s  w ere  g ro u n d ed  d u r in g  
1971. They w ere  a l s o  t h e  s i t e s  w here th e  o n ly  ic e - s h o v e  r id g e  was 
form ed i n  1971 .
D u rin g  th e  h ig h e r  s t a g e s  o f  s p r in g  f lo o d in g ,  f lo o d  w a te r s  
f low ed  from  th e  m ain  c h a n n e l i n t o  th e  s id e  c h a n n e l .  A l i m i t e d  f lo w  
a l s o  o c c u r re d  th ro u g h  th e  tw o n a rro w  c h a n n e ls  d e f in e d  by to p o g ra p h ic  
d e p r e s s io n s  a c r o s s  th e  w id th  o f  th e  s o u th  en d  o f  th e  w illo w s  on  th e  
l o n g i t u d i n a l  b a r .  When th e  r i v e r  s ta g e  f e l l  below  13 f t  ( 4 .0  m ) , th e  
m ost n o r t h e r l y  o f  th e  tw o s m a ll  c h a n n e ls  becam e s e p a r a te d  from  th e  m ain  
c h a n n e l o f  t h e  C o l v i l l e  R iv e r  by  th e  em ergence  o f  a n  i c e  shove r id g e  
w h ich  e x te n d e d  a c r o s s  t h e  w e s t m outh  o f  th e  c h a n n e l .  When th e  s t a g e  
f e l l  below  11 f t  ( 3 .4  m ) , th e  m ore s o u th e r l y  c h a n n e l became s e p a r a te d  
from  th e  m a in  c h a n n e l an d  th e  s id e  c h a n n e l .  As th e  s t a g e  c o n t in u e d  t o  
f a l l ,  th e  tw o d e p r e s s io n s ,  th ro u g h  w h ich  th e  f lo o d  w a te r s  had  f lo w e d , 
became th e  s i t e  o f  s m a ll  ponds p e rc h e d  ab o v e  th e . l e v e l  o f  t h e  r i v e r .  
T hese ponds d r a in e d  e a s t e r l y  th ro u g h  s m a ll  s t r e a m le t s  f lo w in g  down 
th e  e a s t  s i d e  o f  th e  l o n g i t u d i n a l  b a r .  The p o s i t i o n  o f  th e s e  s t r e a m ­
l e t s  a p p e a r s  t o  f l u c t u a t e  l i t t l e  from  y e a r  t o  y e a r .
A f t e r  th e  maximum s ta g e  o f  1 7 .8  f t  ( 5 .4  m) a s  r e c o rd e d  on Ju n e  
3 rd ,  th e  s t a g e  d ro p p ed  r a p i d l y  re a c h in g  s e a  l e v e l  on Ju n e  1 6 th  ( F ig .  4 ) .  
T h is  d a te  i s  c o n s id e re d  a s  m ark in g  th e  end  o f  s p r in g  f lo o d in g .
W h ile  th e  s ta g e  was d ro p p in g  from  t h e  maximum on Ju n e  3 r d ,  th e  
r i v e r  e x h i b i t e d  p e r io d s  when th e  s ta g e  becam e s t a b i l i z e d ,  p e r io d s  o f  
w ind g e n e r a te d  w a v e s , an d  p e r io d s  o f  r e l a t i v e  c a lm . The e f f e c t  o f  th e  
tim e s  o f  s t a b i l i z e d  s ta g e  d u r in g  em ergence o f  th e  b a r s  w as t o  a l lo w  th e  
fo rm a tio n  o f  a  s e r i e s  o f  s t r a n d  l i n e s .  T hese  s t r a n d  l i n e s  a r e  th e  m ost
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e x te n s iv e  and m ost num erous m o rp h o lo g ic  f e a t u r e s  form ed on th e  b a r .  
D epending  upon th e  l o c a t io n  o f  t h e  s t r a n d  l i n e  and  th e  c o n d i t io n s  a t  
th e  t im e  o f  f o rm a t io n ,  t h e  s t r a n d  l i n e s  c o n s i s t  o f  wave c u t  t e r r a c e t s  
a n d /o r  wave b u i l t  r id g e s  ( F ig s .  29  & 3 0 ) .
Summer Flow Regime 
W ith  th e  end  o f  s p r in g  f lo o d i n g ,  th e  s ta g e  had re a c h e d  a p p r o x i ­
m a te ly  s e a  l e v e l .  T h roughou t th e  summer o f  1971 th e  r i v e r  f l u c t u a t e d  
a b o u t t h i s  l e v e l .  M inor f l u c t u a t i o n s  w ere  p ro b a b ly  c a u se d  by l o c a l i z e d  
summer th u n d e rs h o w e rs .
D uring  th e  summer m o n th s , th e  w in d  became a n  e f f e c t i v e  and  
im p o r ta n t  a g e n t  f o r  sed im e n t e r o s io n ,  t r a n s p o r t ,  and d e p o s i t io n .  On 
th e  s u r f a c e  o f  th e  b a r s ,  e s p e c i a l l y  th e  l o n g i tu d in a l  b a r ,  w ind blow n 
se d im e n ts  form ed san d  shadow dunes i n  c lum ps o f  g r a s s e s  and  w illo w s  
( F ig .  3 1 ) .  T hese  d u n es  becam e th e  m ost p ro m in e n t m o rp h o lo g ic  f e a t u r e s  
form ed a t  t h i s  t im e .  A ls o ,  on th e  e a s t  s id e  o f  th e  l o n g i tu d in a l  b a r  
below  th e  c r e s t  o f  wave c u t  t e r r a c e t s ,  w ind  blow n san d s  form ed l i n e a r  
san d  b an d s  p a r a l l e l  t o  th e  d i r e c t i o n  o f  t h e  p r e v a i l i n g  w ind ( F ig .  3 2 ) .  
T hese  b an d s  w ere o n ly  a  few  sand  g r a in s  t h i c k ,  a  few in c h e s  i n  w id th ,  
an d  a  few  f e e t  i n  l e n g th .  They w ere  t r a n s i e n t  f e a t u r e s  w hich  w ere  
o b l i t e r a t e d  w ith  ch an g es  i n  w ind d i r e c t i o n .
The summer o f  1971 was a  tim e  c h a r a c t e r i z e d  by : (1 )  o n ly  s l i g h t
f l u c t u a t i o n s  a ro u n d  se a  l e v e l  i n  th e  s t a g e ,  (2 )  a e o l i a n  e r o s io n ,  t r a n s ­
p o r t ,  an d  d e p o s i t io n  o f  s e d im e n ts ,  an d  (3 )  m in o r t o  a lm o s t n o n - e x i s t e n t  
ch an g e s  in d u c e d  by p r e c i p i t a t i o n  from  l o c a l i z e d  th u n d e rsh o w e rs .
The summer flo w  reg im e came to  a n  end on O c to b e r  2 ,  1971, when
F ig u re  2 9 . Wave b u i l t  g r a v e l  r i d g e s  on th e  s u r f a c e  o f  th e
g r a v e l  s h e e t  ( s u b a re a  3 ) o f  th e  l o n g i tu d in a l  b a r .
F ig u re  3 0 . A s e r i e s  o f  wave c u t  t e r r a c e s  a s  v iew ed  in
J u ly  on th e  s id e  b a r .  The t e r r a c e s  a r e  backed  
by w illo w s  and th e  r i v e r  b l u f f .
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F ig u re  3 1 . Sand shadow d u n es  form ed a ro u n d  th e  s h o r t e r  
w illo w s  ( I . e . ,  l e s s  th a n  4  f e e t )  on th e  
l o n g i t u d i n a l  b a r .
F ig u re  3 2 . The n o r t h e a s t  f a c in g  s lo p e  o f  th e  l o n g i tu d in a l  
b a r  and  t h e  a d jo in in g  s id e  c h a n n e l .  S tro n g  
s o u th w e s te r ly  w inds (fro m  l e f t  t o  r i g h t )  have  
d e p o s i te d  lo n g  l i n e a r  ban d s o f  san d  a t  th e  b a se  
o f  th e  wave c u t  t e r r a c e .
42
f r e e z e u p  o c c u r re d  on th e  c h a n n e l  o f  th e  C o lv i l l e  R iv e r  (W alker, p e r ­
s o n a l  co m m u n ic a tio n ) . A t t h a t  t im e ,  th e  r i v e r  was a t  a p p ro x im a te ly  
se a  l e v e l .
SEDIMENTS
On th e  l o n g i t u d i n a l  b a r ,  a n  a p p ro x im a tio n  o f  th e  a r e a s  o f  
f l u v i a l  s e d im e n ta t io n  and  t h e  d e p o s i t i o n a l  se q u e n c e  t h e r e i n  w as e s t a b ­
l i s h e d  by f i e l d  s t u d i e s  f o r  th e  s p r in g  f lo o d  o f  1971. As a n  i n d i c a t i o n  
o f  d e p o s i t io n  from  p a s t  f l o o d s ,  th e  s e d im e n ta ry  se q u e n c e  below  th e  b a r  
s u r f a c e  was d e te rm in e d  t o  t h e  b a s e  o f  th e  thaw ed l a y e r .  The r e s u l t s  
o f  t h i s  p ro c e d u re  a r e  g iv e n  b e lo w .
D u rin g  f lo o d in g  i n  1971 , g r a v e l  p a r t i c l e s  w ere  n e i t h e r  e ro d ed  
n o r  d e p o s i te d  upon th e  s u r f a c e  o f  a  s c r e e n  ( F ig .  33) a n c h o re d  on th e  
g r a v e l  s h e e t  ( s u b a re a  3 )  n e a r  sam ple  s i t e  744 ( F ig .  6 ) .  T h is  f a c t o r  
a p p e a r s  t o  i n d i c a t e  t h a t  t h e  g r a v e l s  w ere  n o t  a c t i v e l y  t r a n s p o r te d  
d u r in g  f lo o d in g .
I n  c o n t r a s t ,  a  1 i n  ( 2 .5  cm) l a y e r  o f  sed im e n t w as d e p o s i te d  
by th e  s p r in g  f lo o d  on a  s c r e e n  lo c a te d  n e a r  sam ple s i t e  763 ( F ig .  34) 
on th e  s a n d s , s i l t s ,  and  clays o f  s u b a re a  5 .  T h is  d e p o s i t  in c lu d e s  a  
b a s a l  la y e r  o f  san d  an d  a  s u r f a c e  d ra p e  o f  s i l t  and  p e a t  ( F ig .  3 5 ) .
T h is  seq u en ce  a p p e a r s  t o  b e  f a i r l y  r e p r e s e n t a t i v e  o f  th e  d e p o s i t s  o f  
one s p r in g  f lo o d .
A c r o s s - s e c t i o n  o f  s e d im e n t t o  th e  b a s e  o f  th e  thaw ed  la y e r  o f  
th e  l o n g i tu d in a l  b a r  i s  p r e s e n te d  i n  F ig u re  3 6 . The co lu m n ar s e c t i o n s  
w ere o b ta in e d  by e x c a v a t in g  h o le s  below  th e  s u r f a c e  o f  th e  b a r  d u r in g  
th e  m onth o f  J u l y ,  m e a su r in g  th e  u n i t s  i n  th e s e  s e c t i o n s ,  and  r e c o rd in g  
th e  c h a r a c t e r i s t i c s  o f  t h e  s e d im e n ts .
From th e  c r o s s - s e c t i o n ,  th e  fo l lo w in g  can  be c o n c lu d e d :
(1 )  N ear sam ple  s i t e s  749 and  750 a t  th e  c o n ta c t  o f  th e
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F ig u re  3 3 . L ooking n o r t h e a s t  a c r o s s  th e  s t o s s  s id e  
o£ th e  l o n g i t u d i n a l  b a r .  E x ce p t f o r  
t h r e e  g r a v e l  p a r t i c l e s ,  th e  s c r e e n  
(lo w e r l e f t )  i s  f r e e  o f  s e d im e n t from  
th e  s p r in g  f lo o d .  The s h a rp  c o n ta c t  
be tw een  th e  g r a v e l  s h e e t  and  th e  san d s  
o f  s u b a re a  5 i s  lo c a te d  a t  th e  a b ru p t  
change i n  t h e  s u r f a c e  t e x t u r e  o f  th e  b a r .
g r a v e l  s h e e t  ( s u b a re a  3 ) w i th  th e  u n v e g e ta te d  s a n d s ,  
s i l t s ,  and  c la y s  ( s u b a re a  5 ) ,  th e  g r a v e l s  a p p e a r  t o  
c o n t in u e  b e n e a th  t h e  u n v e g e ta te d  n o n g r a v e ls .
(2 )  Many o f  th e  s e c t i o n s  o u t s id e  o f  g r a v e l  s u b a re a  3 
c o n s i s t  o f  r e p e t i t i v e  u n i t s  o f  a  t h i c k e r  l a y e r  o f  
sand  o v e r l a in  by a  t h i n n e r  l a y e r  o f  s i l t  ( e . g . ,  
sam ple s i t e s  775 , 778, and  8 0 2 ) .  T h is  seq u en ce  i s  
s i m i l a r  t o  t h a t  o b se rv e d  f o r  th e  s p r in g  f lo o d  o f  1971
(3 ) E x c lu d in g  g r a v e l  s u b a re a  3 , a  g e n e r a l  d e c r e a s e  i n  
g r a i n  s i z e  o c c u rs  w i th  e l e v a t i o n .  P r o g r e s s in g  from  
sam ple s i t e  830 u p w ard , th e  co lu m n ar s e c t i o n s  a r e  
composed p r im a r i ly  o f  s a n d s ;  w i th  in c r e a s e d  e l e v a t i o n
F ig u re  3 4 . The o u t l i n e  o f  a  s c r e e n ,  s u b a re a  5 ,  i s
em erg in g  a s  s e d im e n ts  d e p o s i t e d  by s p r in g  
f lo o d in g  a r e  d r i e d  an d  d e f l a t e d .  See 
F ig u re  35 f o r  a  c lo s e - u p  o f  lo w er r i g h t .
F ig u re  3 5 . C lo se -u p  o f  lo w er r i g h t  ( F ig .  34) show ing 
a p p ro x im a te ly  one in c h  o f  se d im e n t i n  
c r o s s - s e c t i o n .  See th e  c r o s s - la m in a te d  
sand  w ith  a n  o v e r ly in g  d r a p e  o f  p e a t  and  
s i l t  w h ich  h a s  b een  l e f t  o v e rh a n g in g  by 
d e f l a t i o n  o f  u n d e r ly in g  s a n d s .
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F ig u re  3 6 . Sed im en t v a r i a t i o n  t o  th e  b a s e  o f  t  
thaw  l a y e r ,  p r o f i l e  M-M' o f  F ig u re
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1/7//,
724
Sedim ent v a r i a t i o n  t o  th e  b a s e  o f  th e  
thaw  l a y e r ,  p r o f i l e  M-M1 o f  F ig u re  6 .
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s i l t s  become more ab u n d a n t ( e . g . ,  sam ple  s i t e  8 0 5 ) ; 
and a t  th e  h ig h e s t  e l e v a t i o n s  a lo n g  th e  c r o s s -  
s e c t i o n ,  c l a y s  a r e  a b u n d a n t ( e . g . ,  sam ple  s i t e  7 9 1 ) .
G ra in  S iz e  S t a t i s t i c a l  P a ra m e te r s  
S ed im en ts  o f  th e  s tu d y  a r e a  c a n  be p la c e d  i n t o  tw o g ro u p s  
a c c o rd in g  t o  w h e th e r  o r  n o t  th e y  a r e  l i k e l y  t o  be  moved d u r in g  f lo o d in g .  
R iv e r  b o tto m  sam p les  and  th e  sam ples o f  th e  n o n g ra v e l  a r e a s  o f  th e  b a r s  
from  s u b a re a s  1 , 2 ,  5 ,  6 ,  7 ,  8 ,  and  9 a r e  com posed o f  p a r t i c l e s  o f  
s i z e s  w h ich  w ere  a c t i v e l y  t r a n s p o r te d  d u r in g  th e  s p r in g  f lo o d  o f  1971. 
Those sam p les  c o n s t i t u t e  Group I .  The g r a v e l  b a r  sam p les  from  s u b -  
a r e a s  3 an d  4  a r e  com posed o f  p a r t i c l e s  o f  s i z e s  w h ich  w ere  n o t  
a c t i v e l y  t r a n s p o r t e d .  T hese sam ples c o n s t i t u t e  Group I I .  The two 
g ro u p s  a r e  a n a ly z e d  s e p a r a t e ly  t o  d e te rm in e  i f  s i g n i f i c a n t  r e l a t i o n ­
s h ip s  e x i s t  f o r  mean d ia m e te r ,  s ta n d a rd  d e v i a t i o n ,  sk e w n e ss , and  
k u r t o s i s  w i th  e l e v a t i o n  and  lo n g i tu d in a l  p o s i t i o n .
S ed im en ts  whose g r a i n  s i z e s  s u r p a s s  t h e  com petency  o f  th e  r i v e r  
d u r in g  s p r in g  f lo o d in g  can  be d e p o s i te d  o n to  th e  b a r s  by i c e  r a f t i n g .  
D i f f e r e n c e s  b e tw ee n  b a r  s u r f a c e  s e d im e n ts  and  i c e  r a f t i n g  se d im e n ts  a r e  
co m p ared .
The in f lu e n c e  o f  e n v iro n m e n ta l f a c t o r s  on  th e  d i s t r i b u t i o n  o f  
th e  fo u r  a fo re m e n tio n e d  p a ra m e te rs  i s  e x p lo re d  v i a  c o m p ariso n s  be tw een  
th e  9 s u b a r e a s .
Change W ith  E le v a t io n  and L o c a tio n
F o r  G roup I  and Group I I ,  r e s p e c t i v e l y ,  a  s te p w is e  r e g r e s s io n  
p ro c e d u re  (A ppendix  IV ) was used  t o  o b ta in  m o d e ls  o f  b e s t  f i t  f o r
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s i g n i f i c a n t  ch an g es i n  m ean d ia m e te r ,  s ta n d a r d  d e v i a t i o n ,  s k e w n e ss , and 
k u r t o s i s  w i th  e l e v a t i o n  and  d i s t a n c e  dow n stream . P r e d ic t e d  c u rv e s  
w ith  95% c o n f id e n c e  i n t e r v a l s  a b o u t th e  mean a r e  p r e s e n te d  b e lo w .
Group I —Subm erged R iv e r  S e d im e n ts  and  A l l  N o n g rav e l B ar S ed im en ts
S tep w ise  r e g r e s s i o n  a n a ly s e s  show t h a t  s i g n i f i c a n t  r e l a t i o n ­
s h ip s  e x i s t  be tw een  th e  v e r t i c a l  p o s i t i o n  o f  th e  se d im e n ts  an d  t h e i r  
mean d ia m e te r ,  s ta n d a r d  d e v i a t i o n ,  sk e w n e ss , and  k u r t o s i s .  T h e i r  lo n g i ­
t u d i n a l  p o s i t i o n  i s  acco m p an ied  by  s i g n i f i c a n t  ch an g es  i n  mean d ia m e te r  
and  k u r t o s i s  (F ig u re s  3 7 -4 0  a n d  T a b le  2 ) .
The p r e d ic t e d  m odel f o r  ch an g e  i n  mean d ia m e te r  w i th  ch an g e  in
e l e v a t i o n  (F ig .  37 ) i s  l i n e a r  an d  a c c o u n ts  f o r  50% o f  th e  v a r i a n c e .
The maximum p r e d ic te d  mean d ia m e te r ,  X ^  »  0 .3  0 ,  o c c u rs  a t  -1 6 .1  f t
( - 4 .9  m ). W ith i n c r e a s i n g  e l e v a t i o n ,  th e  p r e d ic te d  mean d ia m e te r
d e c r e a s e s .  The minimum v a l u e ,  X ^  a  5 .0  0 ,  o c c u rs  a t  1 3 .1  f t  ( 4 .0  m ).
The p r e d ic te d  m odel f o r  s ta n d a r d  d e v i a t i o n  w i th  change i n  e l e v a t i o n
( F ig .  38) a c c o u n ts  f o r  26% o f  t h e  v a r i a n c e .  The maximum p r e d ic t e d
v a lu e  o f  s ta n d a rd  d e v i a t i o n ,  Xg = 2 .3  0  (v e ry  p o o r ly  s o r t e d ) ,  o c c u rs
I
a t  th e  lo w es t e l e v a t i o n ,  - 1 6 .1  f t  ( - 4 .9  m ). As e l e v a t i o n  in c r e a s e s  
w i th in  th e  r i v e r  c h a n n e l ,  th e  s e d im e n ts  become b e t t e r  s o r t e d .  Betw een 
-8  f t  ( - 2 .4  m) and  -5  f t  ( - 1 .5  m ), t h e  m ean p r e d ic t e d  v a lu e  i s  1 0  
(m o d e ra te ly  s o r t e d ) .  From -5  f t  ( - 1 .5  m) t o  9 .5  f t  ( 2 .9  m) s o r t i n g  
a g a in  d e c re a s e s  t o  an  a p p ro x im a te  v a lu e  o f  1 .9  0 (p o o r ly  s o r t e d ) .
From 9 .5  f t  ( 2 .9  m) t o  1 3 .1  f t  ( 4 .0  m) s o r t i n g  im proves s l i g h t l y ,  
r e a c h in g  a  v a lu e  o f  1 .7  0  a t  t h e  te rm in u s  o f  th e  c u r v e .  The p r e d ic te d  
r e l a t i o n s h i p  be tw een  skew ness  and  e l e v a t i o n  ( F ig .  39 ) a c c o u n ts  f o r  13%
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MEAN DIAMETER
** , A» *ELEV. IN ET. A a* *
A
F ig u re  3 7 . Group I  p r e d ic te d  c u rv e  w i th  95% c o n f id e n c e  i n t e r v a l s  
a b o u t th e  mean f o r  mean d ia m e te r  v e r s u s  e l e v a t i o n .
I n  F ig u re s  3 7 -4 4 , a l l  p r e d i c t e d  c u rv e s  f o r  Group I ,  
r i v e r  sam p les  p lu s  a l l  n o n g ra v e l  b a r  sam ples, a r e  
d e te rm in e d  o n ly  from  th e  p o s i t i o n  o f  d o t s .  A l l  p r e ­
d i c t e d  c u rv e s  f o r  Group I I ,  g r a v e l  b a r  d e p o s i t s ,  
a r e  d e te rm in e d  o n ly  from  th e  p o s i t i o n  o f  t r i a n g l e s .  
E q u a tio n s  f o r  m ode ls  o f  b e s t  f i t  a r e  g iv e n  i n  T a b le  2 .
STANDARD DEVIATION
i  W
ELEV. IN FT.
F ig u re  3 8 . Group I  p r e d ic te d  c u rv e  w i th  95% c o n f id e n c e
i n t e r v a l s  a b o u t th e  mean f o r  s ta n d a r d  d e v i a t io n  
(g iv e n  i n  0 )  v e r s u s  e l e v a t i o n .  F o r  f u r t h e r  
e x p la n a t io n  se e  F ig u re  3 7 .
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SKEWNESS
0.5
i  - i  -i-iis -is -ii -II —oh- a<o.o
ELEV. IN FT.
-0.5
- 1.0
F ig u re  3 9 . Group I  p r e d ic te d  c u rv e  w ith  95% c o n f id e n c e  
i n t e r v a l s  a b o u t th e  mean f o r  sk ew n ess . For 
f u r t h e r  e x p la n a t io n  s e e  F ig u re  3 7 .
KURTOSIS
ELEV. IN FT.
F ig u re  4 0 . Group I  p r e d ic t e d  c u rv e  w i th  95% c o n f id e n c e  
i n t e r v a l s  a b o u t th e  mean f o r  k u r t o s i s .  For 
f u r t h e r  e x p la n a t io n  s e e  F ig u re  3 7 .
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TABLE 2 . EQUATIONS FOR PREDICTED CURVES
I I
RIVER PLUS NONGRAVEL BAR DEPOSITS GRAVEL DEPOSITS
« r 2 M odel o f  Best Fit Xr2 M odel o f Best Fit
M ean
D iam eter 50 5?M i - 2 .9 + Q .2 E I
zo S tan d ardDeviation 26 Kt( -  1.3+0.8xld,EI+a2xld2EI2-0Axl0"3EI3
-
t -<>
U i_i
U i Skew ness
K urtosis
13
9
*S k ,“  0.2+0.3x  1 o 'e I _ 0.1 x  103EI3
M ean
D iam eter 39 -  - 2 A + O ^ D I S - O .8 x  l( )2 D IS2 + 0 « 4 x ld * D  S3 58 -  1.9 +  0 .4  x 10”' °  DIS3
U J
U
Z
<
S tan d ard
D eviation 30 = 2.3 + 0.4xl0'7DIS2
m
o
Skew ness
K urtosis 12 *KG " 2-5"0'8xlff,DIS+0.2 xld2DIS2
-0.1xl04DIS3
22 XSk( “  0.4-0.5xlon DIS3
o f  th e  v a r i a n c e .  The u n d u la t in g  p r e d i c t e d  c u rv e  f o r  skew ness v a r i e s  
b e tw ee n  0 .2 9  ( f i n e  skew ed) a t  -1 6 .1  f t  ( - 4 .9  m ), 0 .0 5  (n e a r  sy m m e tri­
c a l )  a t  -9  f t  ( - 2 .7  m ), 0 .3 8  ( s t r o n g l y  f in e -s k e w e d )  a t  8 .7  f t  (2 .7  m) 
and  0 .2 9  ( f i n e  skew ed) a t  1 3 .1  f t  ( 4 .0  m ). The p r e d ic t e d  m odel f o r  
k u r t o s i s  w i th  change i n  e l e v a t i o n  ( F ig .  4 0 ) i s  l i n e a r .  The m odel, 
a c c o u n t in g  f o r  9% o f  t h e  v a r i a n c e ,  v a r i e s  from  a  maximum p r e d ic te d  
mean k u r t o s i s  v a lu e  o f  1 .8 7  (v e ry  l e p t o k u r t i c )  a t  -1 6 .1  f t  ( - 4 .9  m) 
t o  a minimum o f  1 .2 8  ( l e p t o k u r t i c )  a t  1 3 .1  f t  ( 4 .0  m ).
W ith  d i s t a n c e  dow nstream , t h e  p r e d ic te d  ch an g es  f o r  mean
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d ia m e te r  and  f o r  k u r t o s i s  a r e  n o t  s im p le  r e l a t i o n s h i p s  ( F ig s .  41 & 4 2 ) .  
The maximum p r e d ic te d  g r a i n  s i z e  ( X ^  = - 2 .5  0 )  o c c u rs  a t  th e  o r i g i n  o f  
th e  p r e d ic te d  c u rv e  f o r  mean d ia m e te r  ( F ig .  4 1 ) .  The c u r v e ,  w h ich  
a c c o u n ts  f o r  39% o f  t h e  v a r i a n c e ,  e x h i b i t s  a  d e c r e a s e  i n  g r a i n  s i z e  
th ro u g h  th e  f i r s t  o n e - t h i r d .  I n  th e  c e n t r a l  o n e - th i r d  th e  f i n e s t  
p r e d ic t e d  v a lu e s  o c c u r  (X j^  = 4 .3  0 )  and  i n  th e  l a s t  o n e - th i r d  g r a i n  
s i z e  a g a in  in c r e a s e s  t o  a  p r e d ic te d  v a lu e  o f  X^z a  2 .6  0 .  The c u rv e  
f o r  k u r t o s i s  ( F ig .  4 2 ) a c c o u n ts  f o r  o n ly  12% o f  t h e  v a r i a n c e .  A t th e  
o r i g i n  o f  th e  c u rv e  th e  p r e d ic te d  v a lu e  o f  X j^  = 2 . 5  c o r re s p o n d s  t o  
a  v e ry  l e p t o k u r t i c  d i s t r i b u t i o n .  P r o g r e s s in g  dow nstream  th e  c e n t r a l  
p o r t i o n  o f  th e  p r e d ic te d  c u rv e  h a s  a p p ro x im a te  mean k u r t o s i s  v a lu e  o f  
1 .5 .  A t th e  m ost d i s t a n t  p o in t  dow nstream  th e  p r e d ic te d  v a l u e ,  X j^  = 
1 .0 ,  c o r re s p o n d s  t o  th e  k u r t o s i s  o f  a  n o rm al d i s t r i b u t i o n .
Group I I —G ra v e l D e p o s i ts  o f  th e  L o n g i tu d in a l  B ar
S te p w ise  r e g r e s s i o n  a n a ly s e s  i n d i c a t e  t h a t  no  s i g n i f i c a n t  r e l a ­
t i o n s h i p s  e x i s t  b e tw een  e l e v a t i o n  and  th e  f o l lo w in g :  mean d ia m e te r ,
s ta n d a r d  d e v i a t i o n ,  sk e w n e ss , and  k u r t o s i s .  W ith  ch an g e  i n  d i s t a n c e  
dow nstream  s i g n i f i c a n t  ch an g e s  do o c c u r  i n  mean d ia m e te r ,  s ta n d a rd  
d e v i a t i o n ,  and sk e w n e ss . H ow ever, no  s i g n i f i c a n t  r e l a t i o n s h i p  e x i s t s  
b e tw een  d i s t a n c e  dow nstream  and k u r t o s i s  ( F ig s .  4 1 ,  4 3 ,  44 and  T a b le  2 ) .
F or mean d ia m e te r  th e  p r e d ic te d  c u rv e  ( F ig .  4 1 ) ,  w h ich  a c c o u n ts  
f o r  58% o f  th e  p o p u la t io n  v a r i a n c e ,  e x h i b i t s  a  s l i g h t  d e c re a s e  i n  g r a in  
s i z e  w i th  d i s t a n c e  dow n stream . Mean d ia m e te r  v a r i e s  from  XMz = - 2 .0  0 
a t  th e  u p s tre a m  end  o f  th e  c u rv e  t o  X ^  = - 1 .0  0  a t  t h e  dow nstream  e n d . 
The p r e d ic te d  c u rv e  f o r  s ta n d a rd  d e v i a t i o n  ( F ig .  4 3 )  l i e s  e n t i r e l y  
w i th in  th e  r e g io n  o f  p o o r ly  s o r te d  s e d im e n ts .  The c u rv e  i n d i c a t e s  t h a t
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MEAN DIAMETER
8 0 0 0  6 0 0 0  7 0 0 0
DISTANCE DOWNSTREAM IN FT.
8 0 0 0 9 0 0 0
Ui -I
F ig u re  4 1 . F o r Group I  and  Group I I ,  th e  p r e d ic te d  c u rv e s
w ith  95% c o n f id e n c e  i n t e r v a l s  a b o u t th e  mean 
f o r  mean d ia m e te r  v e r s u s  l o n g i tu d in a l  p o s i t i o n .  
F o r f u r t h e r  e x p la n a t io n  s e e  F ig u re  37 .
KURTOSIS
1000 4 0 0 0 0000 6 0 0 0 7 0 0 0 9 0 0 02000 3 0 0 0 6 0 0 0
DISTANCE DOWNSTREAM IN FT.
F ig u re  4 2 . Group I  p r e d ic t e d  c u rv e  w i th  95% c o n f id e n c e  
i n t e r v a l s  a b o u t th e  mean f o r  k u r t o s i s  v e r s u s
l o n g i t u d i n a l  p o s i t i o n .  F o r f u r t h e r  
e x p la n a t io n  s e e  F ig u re  37 .
STANDARD DEVIATION
IE
Q?#v» t
2000  3005  40(56 5606
DISTANCE DOWNSTREAM IN FT.
1000
F ig u re  4 3 .  Group II p r e d i c t e d  cu rv e  w i t h  95% c o n f id e n c e  
i n t e r v a l s  ab o u t  t h e  mean f o r  s t a n d a r d  d e v i a ­
t i o n  v e r s u s  l o n g i t u d i n a l  p o s i t i o n .  F o r  
f u r t h e r  e x p l a n a t i o n  see  F i g u r e  37 .
SKEWNESS
0 .5
0.0
1000 2 0 0 0  3 0 0 0  '4 0 0 0
DISTANCE DOWNSTREAM IN F T X
5 0 0 0
-0 .5
- 1.0
F ig u r e  4 4 .  Group I I  p r e d i c t e d  cu rv e  w i t h  95% c o n f id e n c e  
i n t e r v a l s  a b o u t  t h e  mean f o r  skew ness  v e r s u s  
l o n g i t u d i n a l  p o s i t i o n .  F o r  f u r t h e r  
e x p l a n a t i o n  see  F ig u r e  37 .
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th e  g r a v e l  becom es more p o o r ly  s o r te d  dow nstream  (X- h as  a  ra n g e  L:rom
I
2 .3  0 t o  3 .2  0 ) .  The p r e d ic te d  c u rv e  f o r  skew ness ( F ig .  4 4 ) f a l l s  
w i th in  th e  ran g e  from  s t r o n g ly  f i n e  skewed (X g ^  = 0 .4 2 )  a t  th e  u p ­
s tre a m  end t o  c o a r s e  skewed (X sk j a  _0 .0 1 )  a t  th e  dow nstream  e n d .
F u r th e r  a n a ly s e s  a r e  n e c e s s a r y  i n  o rd e r  t o  i n t e r p r e t  th e  sh a p e s  
o f  th e  o th e r  p r e d ic te d  c u r v e s .
E n v iro n m e n ts1 S u b a re a s  and  G ra in  S iz e  S t a t i s t i c a l  P a ra m e te r s
C om parisons b e tw een  e n v iro n m e n ta l s u b a re a s  a r e  p r e s e n te d  in  
A ppendix  V and sum m arized i n  T a b le s  3 and  4 .  O nly th e  c o m p a riso n s  
w hich  a r e  p e r t i n e n t  to  th e  d e te r m in a t io n  o f  th e  p r e d ic te d  r e g r e s s io n  
c u rv e s  w i l l  be d is c u s s e d  h e r e i n .
The r e s u l t s  o f  Group I  co m p ariso n s  (T ab le  4 ) be tw een  s u b a re a s  
i n d i c a t e  th e  fo l lo w in g :
(1 ) no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  betw een  v e g e ta te d  s u b a re a s  
6 and 7 on th e  lo n g i tu d in a l  b a r  and v e g e ta te d  s u b a re a  9 on 
th e  s id e  b a r ,
(2 )  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  betw een  u n v e g e ta te d  
su b a re a  5 on th e  lo n g i tu d in a l  b a r  and u n v e g e ta tc d  s u b a re a  
8 on th e  s id e  b a r .
( 3 ) u n v e g e ta te d  s u b a re a s  5 and 8 o f  th e  lo n g i tu d in a l  and  s id e  
b a r  a r e  c o a r s e r  th a n  v e g e ta te d  s u b a re a s  6 , 7 , ami y .
(4 )  Lhe l o n g i tu d in a l  b a r  s e d im e n ts ,  s u b a re a s  5 ,  6 ,  and 7 , a r e  
c o a r s e r  th a n  th o s e  o f  th e  s id e  b a r ,  s u b a re a s  8 and y .
TABLE 3. COMPARISONS BETWEEN ALL SUBAREAS
*M z 5T
I x S k t
R IV ER 1 .2 A 1 .1 8 0 . 0 7 1 .5 9
3 . - I S .  1 ,2  
BAR 2 . 8 6 2 . 0 3 0 . 2 8 1 .2 1
1 s a s .  3 , A , 5 , 6 , 7 , 8 , 9  
• F 2 2 2 . 3 1 * * 5 5 9 .9 5 * * 6 8 . 5 0 * * 1 1 1 .9 5 * *
R IV ER 1 .2 A 1 .1 8 0 . 0 7 1 . 5 9
s a s .  1 , 2
BAR NONGRAVELS A . 15 1 .7 3 0 . 3 1 1 .3 A
s a s .  5 , 6 , 7 , 8 , 9
F 8 8 . 6 2 * * 1 2 .0 0 * * 9 . 5 7 * * 5 .A 2 *
MAIN CHANNEL 1 .8 8
s n .  1
S ID E  CHANNEL N . S , N . S . N . S . 1 . 3 0
s a .  2
F 1 .A 7 0 . 7 3 0 . 0 8 A . 7 A*
R IV ER  
s a s .  1 , 2  
GRAVEL D E P O SIT S
1 .2 A 1 .1 8 0 . 0 7 1 .5 9
- 0 . 3 8 2 . 7 6 0 . 1 9 0 . 8 7
s a s .  3 , A 
F A 6 . 3 8 * * 7 2 . 1A ** 9 . 0 0 * * 3 7 .2 6 * *
GRAVEL SHEET - 1 . 6 9 2 .A 2 0 . 3 9
s a .  3
L IN G U O ID  CRAVEL 0 . 9 3 3 . 1 0 - 0 . 0 1 N .S .
s a .  A 
F 2 A . 9 9 * * ' 8 . 8 1 * * 8 . 9 0 * * 0 . 2 0
GRAVEL D E P O SIT S - 0 . 3 8 2 . 7 6 0 . 8 7
■ s a s .  3 , A 
ALL OTHER D E PO SIT S 3 . 3 2 1 .5 7 N . S . 1 .A t
s a s .  1 , 2 , 5 , 6 , 7 , 8 , 9
F
I ................. -
. 1 0 3 . 2 A * * 9 0 . 0 0 * * 0 .7 1 A 9 .2 6 * *
s a s .  =  s u b a r e a s  * *  p  < .0 1
s a .  »  s u b u r c a  *  p  < , 0 5
TABLE A . COMPARISONS OF AVERAGE MEAN DIAMETERS 
O F ALL SUBAREAS EXCLUDING GRAVELS
! V T D .1 U V T D / V T D . S, UVTD.
S D . BAR 
s a . - *  9
L T D . b a r !L T D .J  & S D .4
BARS
s a .  6  s a s .  6 , 7 , 9
L T D . BAR 
s a .  5
L T D . BAR 
s a a . 6  5 , 6 , 7
LGT. BAR 
i s ,  7
N . S .
F '0 . 0 2
N . S .  ! 
F - 0 .7 A
VT
D. LGT. ft 
3D. BARS 1 
i s s . 7 . 9 !
N . S .  : 
F - 0 . 7 3  ;
LGT. BAR 
j a s .  6 ,  7
N . S .
F - 0 . 0 0 i
5 3 . 7 5  
6 , 7  A ,6 8  
F “ 1 6 .9 $ * *
•
LGT. ft 
3D. BARS 
s a s .  5 .  8
6 , 7 , 9  A .7 0  
5 , 8  3 . 3 3  
F - 2 3 . 6 7 * *
3 3D. BAR 
s a .  8
9  A .7 A  i 
8  2 . 9 1  j 
F - A .A 3 *  j
N . S .
F“ 3 .5 A
'id
-t t*
3D. BAR 
: a s .  8 ,  9
»
1 i
5 , 6 , 7  A . 3 7  
8 , 9  3 . 8 3  
p - 5 . 8 2 *
*VTD. "V E G E T A T E D  * *  p  < . 0 1
“ UVTD. »  UNVEGETATED *  p  < . 0 5
J L G T . »  LONGITUDINAL
4 S D . =  S ID E
- * s a .  ** s u b a r e a
&s a s .  = s u b a i u a s
Scatter Plots
S c a t t e r  p l o t s  ( F ig s .  4 5 -4 8 )  show th e  i n t e r r e l a t i o n s h i p  be tw een  
s e l e c t e d  g r a in  s i z e  s t a t i s t i c a l  p a ra m e te r s .
In  F ig u re  45 medium san d s  (1 t o  2 0 )  a r e  th e  b e s t  s o r te d  ( i . e . ,  
lo w e s t s ta n d a rd  d e v i a t i o n ) .  W ith  d e c re a s e d  g r a i n  s i z e ,  s o r t i n g  b e ­
comes p o o r and  w i th  in c r e a s e d  g r a i n  s i z e  s o r t i n g  a l s o  becom es p o o r .  
H ow ever, f o r  g r a i n  s i z e s  o f  -1 0  and c o a r s e r ,  s o r t i n g  im p ro v e s . T h is  
r e l a t i o n s h i p  b e tw een  mean d ia m e te r  and s ta n d a rd  d e v i a t i o n  i s  a  r e f l e c ­
t i o n  o f  th e  dom inance o f  a  g r a v e l  m ode, a  san d  m ode, and  th e  m ix in g  o f  
th e  tw o . The g e n e r a l  sh ap e  form ed by th e  p o in t s  i n  t h e  s c a t t e r  d iag ram  
i s  t h a t  o f  a  s in e  c u rv e .
I n  th e  p l o t  o f  mean d ia m e te r  v e r s u s  skew ness ( F ig .  46 ) th e  
g e n e r a l  p a t t e r n  i s  t h a t  o f  a  s in e  c u rv e .  F or b o th  g r a v e l  ( i . e . ,  -1  0 ) 
and  f i n e  s a n d ,  s i l t ,  an d  c l a y  ( i . e . ,  2 0 ) ,  skew ness i s  p o s i t i v e  i n d i ­
c a t in g  a  t a i l  to w ard  th e  f i n e r  end o f  th e  d i s t r i b u t i o n .  I n  th e  i n t e r ­
v e n in g  a r e a ,  -1  0 t o  2 0 ,  skew ness v a r i e s  from  0 ( t h a t  o f  a  no rm al 
d i s t r i b u t i o n )  to  t h a t  o f  a p p ro x im a te ly  - 0 .5  0  and  b a c k  t o  0 . The
v a r i a t i o n  can  a g a in  be e x p la in e d  by th e  dom inance o f  a  g r a v e l  mode and
a  sand  mode and th e  in t e r m ix in g  o f  th e  tw o .
The p l o t  o f  mean d ia m e te r  v e r s u s  k u r t o s i s  ( F ig .  4 7 ) shows th a t
m ost k u r t o s i s  v a lu e s  f a l l  b e tw een  0 .6  and 1 .5 .  K u r to s i s  v a lu e s  f o r  th e  
g r a v e l s  te n d  t o  be  l e s s  th a n  o n e . T h is  i n d i c a t e s  t h a t  th e  t a i l s  o f  th e  
g r a v e l  d i s t r i b u t i o n s  a r e  b e t t e r  s o r te d  th a n  th e  c e n t e r  and  a r e  a  p r o ­
d u c t o f  t h e i r  b im o d a l i ty .  F o r th e  s a n d , s i l t ,  and  c l a y  o f  th e  r i v e r  
and b a r s ,  th e  k u r t o s i s  v a lu e s  a r e ,  i n  g e n e r a l ,  g r e a t e r  th a n  one i n d i ­
c a t in g  t h a t  th e  c e n t e r s  o f  th e  d i s t r i b u t i o n s  a r e  b e t t e r  s o r t e d  th a n  th e  
t a i l s .
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MEAN DIAMETER (Mz) IN 4
Figure 4 5 . Scatter plot for 
mean diameter versus 
standard deviation. Dots 
represent samples from river 
and bar sands, silts, and 
clays (Group I). Triangles 
represent samples from 
gravels (Group II). Dashed 
line represents the trend 
established by Folk and 
Ward (1957 ) for a gravel 
bar in the Brazos River.
MEAN DIAMETER (Mz ) IN 0
Figure 4 6 . Scatter plot for 
mean diameter versus 
skewness. For further 
explanation see Figure 45.
2 - 1 0 1 2 3  
MEAN DIAMETER (Mz) IN
Figure 4 7 . Scatter plot for 
i.'..>.an diameter versus 
kurtosis. For further 
explanation see Figure 45,
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F ig u re  4 8 . S c a t t e r  p l o t  f o r  
skew ness v e r s u s  k u r t o s i s .  
The r e g io n  e n c lo s e d  by 
th e  c r o s s  form ed by s o l i d  
l i n e s  r e p r e s e n t s  a n  a r e a  
o f  n o rm al skew ness and  
k u r t o s i s .  F o r f u r t h e r  
e x p la n a t io n  s e e  F ig u re  4 5 .
The s c a t t e r  p l o t  o f  skew ness v e r s u s  k u r t o s i s  i l l u s t r a t e s  a  la c k  
o f  p o in t s  h a v in g  a  s y m m e tr ic a l d i s t r i b u t i o n  w i th  h ig h  v a lu e s  o f  k u r t o s i s  
( th e  u p p e r c e n t r a l  p a r t  o f  th e  p l o t ) .  T h is  i s  a p p a r e n t ly  d ue  t o  th e  
la c k  o f  t r im o d a l  s e d im e n ts  (F o lk  and  W ard, 1957 , p .  2 1 ) .
C om parisons o f  S c a t t e r  P l o t s  and  R e g re s s io n  C urves
T a b le s  5 an d  6 p r e s e n t  th e  r e s u l t s  o f  c o m p ariso n s  b e tw ee n  th e  
p r e d ic te d  r e g r e s s io n  c u rv e s  o f  th e  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te r s  
and  th e  c o r re s p o n d in g  r e l a t i o n s h i p  e x h i b i t e d  by  th e  g r a i n  s i z e  p a r a ­
m e te rs  i n  th e  s c a t t e r  p l o t s .  The t a b l e s  w ere  c o n s t r u c te d  i n  th e  
fo llo w in g  m anner. From th e  Group I  p r e d i c t e d  c u rv e  f o r  change  i n  
s ta n d a rd  d e v ia t io n  w i th  e l e v a t i o n ,  th e  p r e d i c t e d  v a lu e s  o f  s ta n d a rd  
d e v i a t io n  a t  i n f l e c t i o n  p o in t s  w ere  r e a d  and  t a b u la t e d  i n  colum n 3 o f  
T ab le  5 .  The a p p r o p r i a t e  e l e v a t i o n s  f o r  th e  p r e d ic te d  v a lu e s  o f  
s ta n d a rd  d e v ia t io n  w ere  t a b u la t e d  i n  colum n 1 . U sing  th e  Group I  p r e ­
d i c t e d  c u rv e  f o r  mean d ia m e te r  v e r s u s  e l e v a t i o n ,  th e  p r e d ic te d  mean 
d ia m e te r s  f o r  th e  g iv e n  e l e v a t i o n s  o f  colum n 1 w ere  re c o rd e d  in  colum n 
2 .  Column 4 was d e te rm in e d  by u s in g  th e  mean d ia m e te r s  g iv e n  i n  colum n 
2 and a p p ro x im a tin g  th e  c o r re s p o n d in g  v a lu e  o f  th e  s ta n d a rd  d e v ia t io n
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TABLE 5 .  GROUP X — REGRESSION CURVES VERSUS SCATTER PLOTS
REGRESSION CURVES 
PREDICTED VALUES
SCATTER
PLOTS
1 2 3 4
E le v . Mz v s . 2  T
i n  f t . *
Mz in  0 v a lu e  o f  2 j
-1 6 .1  t o  -8 0 .3 5 -1 .6 2 .3 - 1 .0 2 .0  -  0 .6
-8  t o  -5 1 .6  - 2 .1 1 .0  m in . 0 .6  -  1 .0
-5  t o  9 .5 2 .1  - 4 .4 1 .0 - 1 .9 1 .0  -  1 .9
S k j Mz v s .  S k j
v a lu e  o f  S k j
-1 6 .1  t o  -9 0 .3 5 -1 .5 0 .3 0 -0 .4 5 - 0 .3 5 —0 .1 9
-9  t o  8 .5 1 .5  - 4 .3 0 .0 5 -0 .3 8 - 0 .1 9 -  0 .4 0
8 .5  t o  1 3 .1 4 .3  - 5 .0 0 .3 8 -0 .2 9 0 .4 0 -  0 .3 0
TABLE 6 . GROUP I I  — REGRESSION CURVES VERSUS SCATTER PLOTS
REGRESSION CURVE 
PREDICTED VALUES
SCATTER
PLOTS
1 2 3 4
D is ta n c e Mz v s .  2 t
i n  f t . I
Mz i n  0 2 I v a lu e  o f
750 to  4350 - 2 .0  -  - 1 .0 2 .3  -  3 .0 5 2 .3  -  2 .7 5
s k i Mz v s .  S k j
v a lu e  o f  S k j
750 to  2500 - 2 .0  -  - 1 .4 0 .4 2  -  0 .3 4 0 .4 5 -0 .3 5
2500 to  4350 - 1 .4  -  - 1 .0 0 .3 4 -  -0 .0 2 0 .3 5 -0 .1 5
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from  th e  s c a t t e r  d ia g ra m . A l i k e  p ro c e d u re  was u se d  i n  c o n s t r u c t in g  
th e  re m a in d e r  o f  T a b le  6 and  a l s o  T ab le  7 .
F o r th e  r i v e r  d e p o s i t s  p lu s  th e  s a n d , s i l t ,  an d  c la y  b a r  
d e p o s i t s  (G roup I) , th e  p r e d i c t e d  s ta n d a rd  d e v i a t i o n  w i th  e l e v a t i o n  
above th e  b ed  i s  fo u n d  t o  f o l lo w  a  s in e  c u rv e .  The u n d u la t io n s  i n  th e  
c u rv e  a g r e e  c l o s e l y  w i th  th e  u n d u la t io n s  n o te d  i n  th e  s c a t t e r  d iag ram  
o f  mean d ia m e te r  v e r s u s  s ta n d a r d  d e v i a t i o n .  The p r e d i c t e d  sk ew n ess , 
how ever, o n ly  a g r e e s  w i th  th e  s c a t t e r  d iag ram  f o r  g r a i n  s i z e s  o f  
a p p ro x im a te ly  4 .3  0  and  f i n e r .
F o r  th e  g r a v e l  d e p o s i t s  (Group I I ) ,  i t  i s  fou n d  t h a t  th e  p r e ­
d ic t e d  v a lu e  o f  s ta n d a r d  d e v i a t i o n  w i th  d i s t a n c e  dow nstream  a g re e s  
c l o s e l y  w i th  th e  s c a t t e r  d ia g ra m . F o r  v a r i a t i o n  i n  skew ness w ith  
d i s t a n c e  d ow nstream  th e  p r e d i c t e d  v a lu e  i s  found  t o  a g r e e  f o r  mean 
d ia m e te rs  o f  - 1 .5  0  and  c o a r s e r .
Discussion
Group JE
Transport of Group I  sediments occurred as particles in con­
tinuous contact with the bed, in intermittent suspension, and/or in 
continuous suspension. From the grain size parameters of mean diameter, 
standard deviation, skewness, and kurtosis, it is not possible to dis­
tinguish the modes of transport. The predicted curves, however should 
yield the net effect of the transport mechanism.
I n  th e  p r e d i c t e d  c u rv e s  f o r  mean d ia m e te r  v e r s u s  e l e v a t i o n  f o r  
Group I  ( F ig .  3 7 ) ,  th e  d e c re a s e  i n  g r a i n  s i z e  i s  a  p ro d u c e  o f  d e c re a se d  
com petency a lo n g  th e  s tre a m  bed w ith  e l e v a t i o n  and  a  d e c re a s e  i n
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su sp en d ed  p a r t i c l e  s i z e  w i th  e l e v a t i o n .  S uspended  se d im e n ts  o f  th e  
C o lv i l l e  R iv e r  i n  1962 w ere found  t o  d e c re a s e  i n  g r a i n  s i z e  w i th  e l e v a ­
t i o n ,  h o w ev er, n o t  w i th  d i s t a n c e  dow nstream  (A rn b o rg , e t  a l . ,  1 9 6 7 ). 
In fo rm a t io n  on bed lo a d  t r a n s p o r t  w i th  e l e v a t i o n  i s  n o t  a v a i l a b l e .
The e f f e c t s  o f  e l e v a t i o n  upon  mean d ia m e te r  a r e  r e f l e c t e d  i n  
th e  v a r i a t i o n  o f  mean g r a i n  s i z e  w i th  d i s t a n c e  dow nstream  ( F ig .  4 1 ) .
The p a r a b o l ic  shape  o f  th e  p r e d i c t e d  c u rv e  i s  a  r e f l e c t i o n  o f  th e  
change i n  e l e v a t i o n  o f  th e  se d im e n t sam ple  c o l l e c t i n g  s i t e s  w i th in  th e  
s tu d y  a r e a .  The h ig h e s t  p a r t  o f  t h e  c u rv e  i s  th e  f i n e s t  p r e d ic te d  
mean d ia m e te r  and  c o r re s p o n d s  w i th  th e  h ig h e s t  e l e v a t i o n s  on th e  l o n g i ­
t u d i n a l  b a r .
I n  th e  co lum nar s e c t i o n s  i l l u s t r a t i n g  ch a n g e s  i n  se d im e n ts  
below  th e  s u r f a c e  o f  t h e  l o n g i t u d i n a l  b a r  (F ig .  3 6 ) ,  i t  c a n  be s e e n  
t h a t  th e  f i n e s t  se d im e n ts  a r e  fo u n d  a t  th e  h ig h e s t  e l e v a t i o n s  and t h a t  
th e  c o a r s e s t  a r e ,  in  g e n e r a l ,  a t  th e  lo w e s t e l e v a t i o n s .
An a n a l y s i s  o f  s p e c i f i c  d i f f e r e n c e s  b e tw een  mean d ia m e te r s  o f  
v a r io u s  e n v iro n m e n ta l s u b a re a s  r e v e a l s  th e  in f l u e n c e  o f  e l e v a t i o n  on 
mean g r a in  s i z e .  C om parisons b e tw ee n  th e  l o n g i tu d in a l  b a r  and th e  s id e  
b a r  r e v e a l  no  s i g n i f i c a n t  d i f f e r e n c e  i n  mean d ia m e te r  o f  u n v e g e ta te d  
s a n d , s i l t ,  and  c la y  s u b a r e a s .  No s i g n i f i c a n t  d i f f e r e n c e s  a r e  found  
b e tw een  v e g e ta te d  s u b a r e a s .  On th e  l o n g i tu d in a l  b a r  and  th e  s id e  b a r ,  
how ev er, a  s i g n i f i c a n t  d i f f e r e n c e  i s  found  i n  th e  mean d ia m e te r  o f  
u n v e g e ta te d  s a n d , s i l t ,  and c l a y  s u b a re a s  and  v e g e ta te d  s u b a r e a s .  I n  
b o th  c a s e s  th e  c o a r s e s t  sed im en t o c c u r s  i n  u n v e g e ta te d  s u b a re a s  w h ich  
c o r re s p o n d  w i th  low er e l e v a t i o n s .  When a l l  s a n d , s i l t ,  and  c la y  s e d i ­
m en ts  o f  th e  l o n g i tu d in a l  b a r  a r e  com pared w ith  th e  s id e  b a r ,  i t  i s
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found  t h a t  l o n g i tu d in a l  b a r  s e d im e n ts  a r e  somewhat c o a r s e r  th a n  s id e  
b a r  s e d im e n ts .  T h is  f in d in g  i s  r e f l e c t e d  i n  th e  p a r a b o l ic  c u rv e  o f  
p r e d ic te d  mean d ia m e te r  f o r  d i s t a n c e  dow nstream  (F ig .  4 1 ) .  The 
u p s tre a m  end o f  th e  c u rv e ,  w h ich  i s  in f lu e n c e d  by th e  sam p les from  th e  
lo n g i tu d in a l  b a r ,  p r e d i c t s  a  l a r g e r  mean d ia m e te r  th a n  th e  dow nstream  
e n d , w h ich  i s  in f lu e n c e d  by th e  s id e  b a r .
E le v a t io n  above th e  bed a p p e a r s  t o  be th e  c o n t r o l l i n g  f a c t o r  
i n  d e te rm in in g  th e  s i t e  o f  d e p o s i t io n  o f  se d im e n ts  o f  s p e c i f i c  g r a i n  
s i z e s  d u r in g  th e  s p r in g  f lo o d  o f  1971. A v e ry  c lo s e  a p p ro x im a tio n  o f  
th e  p r e d ic te d  s ta n d a rd  d e v i a t i o n  w i th  ch an g e  i n  e l e v a t i o n  (F ig .  38) 
c a n  be d e r iv e d  from  th e  s c a t t e r  p l o t  o f  mean d ia m e te r  v e r s u s  s ta n d a r d  
d e v i a t i o n  ( F ig .  4 5 ) .  The p r e d ic te d  c u rv e  f o r  skew ness v e r s u s  e l e v a t i o n  
( F ig .  4 0 ) can  be p a r t l y  d e r iv e d  from  th e  s c a t t e r  p lo t  o f  mean d ia m e te r  
v e r s u s  skew ness ( F ig .  4 6 ) .  I n  t h i s  c a s e ,  how ever, o n ly  a b o u t h a l f  o f  
th e  p r e d ic te d  skew ness c u rv e  i s  fo u n d  t o  a g re e  w ith  th e  v a lu e s  from  
th e  s c a t t e r  p l o t .  B ecause  th e  p r e d ic te d  c u rv e  f o r  k u r to s i s  o n ly  
a c c o u n ts  f o r  9 p e r c e n t  o f  th e  v a r i a n c e ,  i t  i s  d i f f i c u l t  t o  e v a lu a te  th e  
im p o r ta n c e  o f  th e  c u rv e .  F u r th e r  d i f f i c u l t i e s  i n  th e  a n a l y s i s  r e s u l t  
from  th e  c o m p lic a te d  s c a t t e r  d ia g ra m  f o r  mean d ia m e te r  v e r s u s  k u r t o s i s  
( F ig .  4 7 ) .
G roup I I
F o r Group I I ,  th e  p r e d ic te d  mean d ia m e te r  o f  th e  g r a v e l s  d e ­
c r e a s e s  w ith  d i s t a n c e  dow nstream  ( F ig .  4 4 ) .  No s i g n i f i c a n t  c h a n g e , 
h o w ev er, o c c u rs  w ith  e l e v a t i o n .  T h is  may r e s u l t  from  e i t h e r  th e  
l im i t e d  ra n g e  o f  th e  g r a v e l s ,  0 -9  f t  ( 0 - 2 .7  m ), o r  from  th e  mode o f  
t r a n s p o r t .  I f  th e  g r a v e l s  w ere t r a n s p o r t e d  from  a n  u p s tream  so u rc e
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d u r in g  a  b r i e f  s u rg e  i n  c u r r e n t  v e l o c i t y ,  i t  w ould be e x p e c te d  t h a t  
r a p id  d e c e l e r a t i o n  o f  c u r r e n t  w ould  o c c u r  i n  th e  a r e a  o f  th e  l o n g i t u ­
d i n a l  b a r  due to  c h a n n e l w id e n in g . T h is  w ould  r e s u l t  i n  a s e g r e g a t io n  
o f  p a r t i c l e s  a c c o rd in g  to  s i z e  b u t n o t  n e c e s s a r i l y  w ith  e l e v a t i o n .  The 
p r e d ic te d  c u rv e  f o r  s ta n d a rd  d e v i a t i o n  ( F ig .  4 3 ) c a n  be  e s t a b l i s h e d  
from  th e  s c a t t e r  p lo t  o f  mean d ia m e te r  v e r s u s  s ta n d a rd  d e v i a t io n  ( F ig .  
4 5 ) .  F o r skew ness i t  i s  p o s s i b l e  t o  e s t a b l i s h  p a r t  o f  th e  p r e d ic te d  
c u rv e  ( F ig .  44) from  th e  s c a t t e r  p l o t  o f  mean d ia m e te r  v e r s u s  sk ew n ess .
Effects of Ice Rafted Sediments
On Ju n e  6 th ,  f o u r  d a y s  a f t e r  b re a k u p , a  t o t a l  o f  57 b lo c k s  o f  
r i v e r  i c e  w ere  o b se rv e d  on th e  l o n g i t u d i n a l  b a r .  T hese  b lo c k s  g rounded  
by th e  s p r in g  f lo o d  o c c u r re d  a t  e l e v a t i o n s  o f  11 t o  13 f t  ( 3 .4  to  
4 .0  m ).
A s u f f i c i e n t  q u a n t i t y  o f  se d im e n t f o r  th e  c o l l e c t i o n  o f  a  sam ple 
w as found on o n ly  5 o f  th e  57 b lo c k s .  A t th e  s i t e  o f  ea c h  o f  th e s e  5 
b lo c k s ,  p a i r e d  sam ples w ere  c o l l e c t e d .  A sam ple  p a i r  c o n s i s t e d  o f  s e d i ­
m ent from  th e  i c e  b lo c k  i t s e l f  and  se d im e n t from  th e  b a r  s u r f a c e .
The c u m u la tiv e  p r o b a b i l i t y  c u rv e s  shown i n  F ig u re  49 d e m o n s tra te  
th e  g ro u p in g  o f  c u rv e s  a c c o rd in g  t o  w h e th e r  th e  se d im e n t was r a f t e d  o r  
n o n r a f t e d .  The c u rv e s  f o r  th e  r a f t e d  s e d im e n ts  have  a  g r e a t e r  sp re a d  
th a n  th o s e  f o r  th e  n o n r a f te d  s e d im e n ts .
I n  o rd e r  t o  d e te rm in e  w hat k in d  o f  d i f f e r e n c e s  e x i s t e d  i n  th e  
f o u r  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te r s  o f  th e  r a f t e d  and  n o n r a f te d  
s a m p le s , a t  t e s t  was em p lo y ed . R e s u l t s  in d i c a te d  t h a t  th e  mean d i a ­
m e te r  o f  r a f t e d  sam ples (M z ^ S ^ l 0 )  was s i g n i f i c a n t l y  h ig h e r  (p < 0 .0 0 6 1 )  
th a n  f o r  n o n ra f te d  sam p les (Mz = 2 .8 7  0 ) .  F o r s ta n d a rd  d e v i a t i o n ,
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sk ew n ess , and  k u r t o s i s ,  no s i g n i f i c a n t  d i f f e r e n c e s  w ere fo u n d . I n  
o r d e r  t o  d e te rm in e  i f  th e  am ount o f  v a r i a b i l i t y  d i f f e r e d  w i th in  e a c h  
g ro u p , an  F t e s t  f o r  d i f f e r e n c e s  i n  v a r ia n c e  was em ployed . T h is  t e s t  
in d i c a t e d  t h a t  mean d ia m e te r ,  s ta n d a r d  d e v i a t i o n ,  and  k u r t o s i s  
( r e s p e c t iv e  F v a lu e s  o f  3 7 .8 9 ,  18 2 .7 8  and  1 9 .7 5  c 4 ,  4 d . f . )  had  h ig h e r  
v a r i a b i l i t y  w i th in  th e  r a f t e d  sam p les  th a n  w i th in  th e  n o n r a f te d  s a m p le s .  
F o r skew ness no  s i g n i f i c a n t  d i f f e r e n c e  was found  (F=5.58  c 4 ,  4 d . f . ) .
From th e  c u m u la tiv e  c u rv e s  and  th e  s t a t i s t i c a l  t e s t s ,  i t  c a n  be  
c o n c lu d e d  t h a t  s e d im e n ts  t r a n s p o r t e d  by i c e  r a f t i n g  o n to  th e  b a r  
d i f f e r  m ost from  th e  b a r  s u r f a c e  s e d im e n ts  i n  t h e i r  mean d ia m e te r .
Even th o u g h  m ore v a r i a b i l i t y  i s  found  i n  th e  i c e  r a f t e d  s e d im e n ts ,  
s t a t i s t i c a l l y  no s i g n i f i c a n t  mean d i f f e r e n c e  e x i s t s  be tw een  th e  tw o 
g ro u p s  i n  s ta n d a r d  d e v i a t i o n ,  sk e w n e ss , and  k u r t o s i s .
S ed im en t Thaw
From J u l y  5 th  th ro u g h  7 th ,  d e p th s  t o  th e  p e rm a f ro s t  t a b l e  w ere  
d e te rm in e d  a t  50  fbot i n t e r v a l s  a lo n g  th e  p r o f i l e s  o f  th e  l o n g i t u d i n a l  
b a r  ( F ig .  6 ) .  A t t h i s  tim e  thaw  d e p th s  on th e  b a r  ra n g e d  from  a  m i n i ­
mum o f  1 .5 8  f t  ( 0 .5  m) t o  4 .2 5  f t  ( 1 .3  m ). The d a ta  a r e  c o m p le te  f o r  
a l l  a r e a s  w ith  th e  e x c e p t io n  o f  t h e  g r a v e l s  o f  s u b a re a s  3 and  4 .
B ecause o f  th e  d i f f i c u l t i e s  o f  p ro b in g  i n  g r a v e l s ,  d a ta  w ere  c o l l e c t e d  
o n ly  a t  s e l e c t e d  l o c a t i o n s .  P r o f i l e s  w i th  d e p th  o f  thaw  a r e  p r e s e n te d  
i n  A ppendix  V I I .
A t th e  74 sed im en t sam ple l o c a t io n s  w ith  known d e p th s  t o  th e  
f r o z e n  t a b l e ,  thaw  was com pared w ith  th e  fo u r  g r a in  s i z e  s t a t i s t i c a l  
p a ra m e te rs  and e l e v a t i o n  o f  th e  sam ple s i t e .  T ab le  7 g iv e s  th e  c o r r e l a ­
t i o n  c o e f f i c i e n t s ,  p r o b a b i l i t i e s ,  and  num ber o f  sam ples f o r  eac h
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F ig u re  4 9 . C u m u la tiv e  p r o b a b i l i t y  c u rv e s  o f  i c e  r a f t e d
se d im e n ts  and  a d ja c e n t  n o n r a f te d  b a r  s e d im e n ts .
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TABLE 7 . ACTIVE LAYER CORRELATIONS
DEPTH
OF
THAW
Mean
D ia .
r  = -0 .7 4
p = < 0 .0 0 0 1
N -  74
S ta n d a rd
D e v ia t io n
r  » 0 .3 6  
p = < 0 .0 0 1 9  
N a  74
i
Skew ness
r  -  -0 .3 4  
p = < 0 .0 0 3 6  
N = 74
K u r to s is
r  =« -0 .3 6
p = <  0 . 0021
N = 74
E le v a t io n
r  = 0 .0 4  
p = <  0 .7 3 9 8  
N = 74
c o m p a riso n .
Mean d ia m e te r  was found  t o  have a  h ig h ly  s i g n i f i c a n t  ( p < .0 0 0 1 )  
n e g a t iv e  c o r r e l a t i o n  ( r = - .7 4 )  w i th  th aw , i n d i c a t i n g  t h a t  a s  mean g r a i n  
s i z e  in c r e a s e s  th e  d e p th  o f  thaw  i n c r e a s e s .  No r e l a t i o n s h i p  was found  
i n  th e  co m p ariso n  o f  thaw  w i th  e l e v a t i o n .
Due to  th e  r e s p e c t i v e  low r  v a lu e s  o f  .3 6 , - .3 4 ,  and - .3 6  and  
th e  l a r g e  sam ple s i z e ,  th e  a p p a r e n t  c o r r e l a t i o n s  betw een  thaw  and  
s ta n d a r d  d e v i a t i o n ,  sk e w n e ss , an d  k u r t o s i s  a s  se e n  in  T a b le  7 w ere 
c o n c lu d e d  to  be  u n im p o r ta n t .
Thaw d e p th s  on th e  lo n g i tu d in a l  b a r  w ere  f u r t h e r  d iv id e d  i n t o  
thosQ  on w est f a c in g  s lo p e s  and  th o s e  on e a s t  f a c in g  s lo p e s .  An 
a n a l y s i s  o f ,v a r i a n c e  u s in g  a  c o m p le te ly  random ized  b lo c k  d e s ig n  i n d i ­
c a t e s  t h a t  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  i n  th e  d i r e c t i o n  o f  
e x p o su re  (F= .67  c 1 , 72 d . f . ) .
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On the longitudinal bar the' slopes are usually less than one 
degree. Therefore, the effectiveness of insolation is probably fairly 
evenly distributed resulting in similar depths of thaw on slopes of 
different exposure. This may also account for the lack of correlation 
between thaw and elevation.
With increased grain size the depth of thaw increases. This is 
readily apparent from the gravel subareas where the greatest thaw 
occurs.
For fluvial activity, the ultimate thaw depth is of no impor­
tance. The amount of thaw occurring prior to and during spring flooding 
is, however, significant.
PROCESSES INTERPRETED FROM GRAIN SIZE DATA
F l u v i a l  and a e o l i a n  p ro c e s s e s  a r e  th e  d o m in an t a g e n ts  a c t i v e  
w i th in  th e  s tu d y  a r e a .  The d u r a t i o n ,  t im in g ,  an d  e f f e c t i v e n e s s  o f  th e s e  
p ro c e s s e s  v a ry  s e a s o n a l ly .  U sing  g r a in  s i z e  d a ta  d e r iv e d  from  th e s e  
d e p o s i t s ,  th e  modes o f  se d im e n t t r a n s p o r t  a r e  c o n s id e r e d  (A ppendix  V I ) .
Modes o f  f l u v i a l  t r a n s p o r t  a r e  w ash lo a d  and  b ed  lo a d .  Wash 
lo a d  c o n s i s t s  o f  p a r t i c l e s  t r a n s p o r te d  i n  c o n t in u o u s  s u s p e n s io n ,  
w h ereas  bed  lo a d  c o n s i s t s  o f  p a r t i c l e s  t r a n s p o r t e d  i n  c o n t a c t  w ith  th e  
bed  and  o f  p a r t i c l e s  p la c e d  i n t o  i n t e r m i t t e n t  s u s p e n s io n .  Where 
p o s s ib le  hydrodynam ic  th e o ry  i s  u sed  to  d e te rm in e  th e  b o u n d a ry  be tw een  
th e s e  modes o f  t r a n s p o r t .
F l u v i a l  P ro c e s s e s  I n t e r p r e t e d  from  C-M D iagram
An a p p ro x im a tio n  o f  th e  f l u v i a l  p r o c e s s e s  a c t i v e  w i th in  e n v i r o n ­
m e n ta l  s u b a re a s  i s  d e r iv e d  from  a  p l o t  ( F ig .  5 0 ) o f  th e  c o a r s e s t  one 
p e r c e n t i l e  v e r s u s  mean d ia m e te r .  F o r th e  C o l v i l l e  R iv e r  d a ta  th e  
d iag ram  y i e l d s  an  S -sh a p ed  p l o t  s im i la r  t o  t h a t  r e p o r t e d  by  P a s se g a  
(1 9 6 4 , p .  831) f o r  th e  M is s i s s ip p i  R iv e r .  From th e  C o l v i l l e  R iv e r  p l o t ,  
th e  f l u v i a l  p r o c e s s e s  o p e r a t in g  w i th in  th e  s tu d y  r e a c h  a r e  i n t e r p r e t e d  
a s  fo l lo w in g :
1 . . The g r a v e l s  o f  s u b a re a s  3 and 4  r e p r e s e n t  t r a n s p o r t  a s  bed
lo a d .  The one sam ple ly in g  o u ts id e  o f  th e  zone form ed by 
sam p les from  s u b a re a s  3 and 4 i s  due t o  t h e  d i f f i c u l t y  o f  
e s t a b l i s h i n g  th e  su b a re a  b o u n d a r ie s  w h ich  a r e  o f t e n  
t r a n s i t i o n a l .
2 .  The r i v e r  s e d im e n ts  o f  s u b a re a s  1 and  2 r e p r e s e n t  t r a n s p o r t
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F ig u re  5 0 . C-M p l o t  o f  sed im e n t sam p les  g ro u p ed  a c c o rd in g  to  e n v i ro n -  
m e n ta 1 s u b a r e a s .
a s  bed lo a d  and  i n  c o n t in u o u s  s u s p e n s io n .
3 . The u n v e g e ta te d  s a n d s , s i l t s ,  and c la y s  o f  th e  l o n g i ­
t u d i n a l  b a r ,  s u b a re a  5 ,  r e p r e s e n t  t r a n s p o r t  a s  bed lo a d  
and  i n  c o n t in u o u s  s u s p e n s io n .
4 .  S u b a re a s  6 th ro u g h  8 r e p r e s e n t  t r a n s p o r t  a s  c o n t in u o u s  
s u s p e n s io n .
Betw een s u b a re a s  some d i f f e r e n c e s  in d i c a t e d  by th e  p lo t  a r e  a s  f o l lo w s :
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1. The r i v e r  sam p les  ( s u b a re a s  1 and  2 )  a r e  s i m i l a r  t o  th e  
sam p les  from  s u b a re a  5 .  H ow ever, th e  m ean d ia m e te r  o f  
s u b a re a  5 i s  l e s s  th a n  t h a t  o f  s u b a re a s  1 and  2 .
2 .  The m ean d ia m e te r  o f  th e  u n v e g e ta te d  s a n d s ,  s i l t s ,  and 
c l a y s  o f  t h e  l o n g i tu d in a l  b a r  ( s u b a re a  5 )  and  o f  th e  s id e  
b a r  ( s u b a re a  8 ) a r e  s i m i l a r .  H ow ever, th e  c o a r s e s t  one 
p e r c e n t i l e  o f  s u b a re a  8 i s  f i n e r  th a n  s u b a re a  5 .  The 
d e p o s i t s  o f  s u b a re a  8 a r e  p r i m a r i l y  d e r iv e d  from  c o n t in u ­
ous s u s p e n s io n ;  w h e re a s , f o r  s u b a re a  5 ,  th e y  a r e  d e r iv e d  
from  b o th  c o n tin u o u s  s u sp e n s io n  and  bed  lo a d .
T r u n c a t io n  P o in ts  and H ydrodynam ic P r i n c i p l e s
The s i g n i f i c a n c e  o f  v a r io u s  t r u n c a t i o n  p o in t s  b e tw een  lo g ­
no rm al s u b p o p u la t io n s  (A ppendix  V I) c a n  be  d e te rm in e d  by u s in g  h y d ro -  
dynam ic p r i n c i p l e s  i n  c o n ju n c t io n  w ith  g r a i n  s i z e  d i s t r i b u t i o n s  and  
f i e l d  d a t a .
On th e  m a in  c h a n n e l o f  th e  C o lv i l l e  R iv e r  a p p ro x im a te ly  0 .6  mi 
(1 km) s o u th  o f  th e  s tu d y  a r e a ,  A rn b o rg , W a lk e r , and  P e ip p o  (1 9 6 6 , p . 
197) r e p o r t  th e  h y d ro lo g ic  c h a r a c t e r i s t i c s  o f  th e  1962 s p r in g  f lo o d .
On Ju n e  14 , 1962 , when th e  maximum d is c h a r g e  o f  2 1 2 ,3 7 0  f t ^ / s  (6010
q
m / s )  o c c u r r e d ,  i t  was accom pan ied  by a  maximum re c o rd e d  c u r r e n t  
v e l o c i t y  o f  2 .3  m /s ,  a n  a v e ra g e  c u r r e n t  v e l o c i t y  o f  1 .5  m /s ,  and  a  m a x i­
mum s ta g e  o f  1 1 .9  f t  ( 3 .6  m) above se a  l e v e l .  F o r th e  m id d le  o f  J u n e , 
1962, th e  a v e ra g e  w a te r  te m p e ra tu re  was e s t im a te d  from  th e  g ra p h  o f  
A rn b o rg , W alk e r, and P e ip p o  (1 9 6 6 , p .  205) t o  b e  8°C . I n  th e  fo l lo w in g  
d i s c u s s io n ,  th e s e  v a lu e s  a r e  u sed  i n  th e  c a l c u l a t i o n s  o f  th e  n e c e s s a r y
72
s h e a r  s t r e s s ,  s h e a r  v e l o c i t y ,  and  c u r r e n t  v e l o c i t y  f o r  sed im en t t r a n s ­
p o r t  .
F o r  e a c h  sam ple th e  t r u n c a t i o n  p o in t s  w ere  d e te rm in e d  by f i t ­
t i n g  s t r a i g h t  l i n e s  t o  l o g - p r o b a b i l i t y  p l o t s .
F ig u r e  51 shows th e  r e o c c u r r e n c e  o f  s i m i l a r  p o in t s  w i th i n  s u b -  
a r e a s  3 and  4 ,  th e  g r a v e l  s u b a re a s  o f  th e  l o n g i t u d i n a l  b a r .  I t  can  be 
s e e n  t h a t  th e  t r u n c a t i o n  p o in t s  f a l l  i n t o  d i s t i n c t  g ro u p s  w ith  v e ry  
l i t t l e  o v e r l a p .  T hese  o b s e r v a t io n s  a r e  u se d  t o  d e te rm in e  th e  a v e ra g e  
v a lu e  f o r  e a c h  g ro u p in g .
A c c o rd in g  to  s u b a re a  ( i . e . ,  s u b a re a s  1 - 9 ) ,  T a b le  8 p r e s e n t s  
th e  a v e ra g e  v a lu e s  f o r  th e  t r u n c a t i o n  p o in t s  b e tw ee n  s u b p o p u la t io n s .  
T h is  t a b l e  a l s o  g iv e s  th e  num ber o f  o b s e r v a t io n s  u sed  i n  d e te rm in in g  
th o s e  a v e r a g e s .  From th e  t a b l e  i t  a p p e a rs  t h a t  s u b a re a s  w h ich  a r e  
e n v i ro n m e n ta l ly  s i m i l a r  have s i m i l a r  t r u n c a t i o n  p o i n t s .  T h is  i s  i l l u s ­
t r a t e d  by  s u b a re a s  7 and  9 , th e  w illo w  s u b a r e a s ,  and  a l s o  by s u b a re a s  1
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F ig u re  5 1 . T ru n c a t io n  p o in t s  o c c u r ­
r i n g  i n  th e  35 sam ples 
ta k e n  from  s u b a re a s  3 
and  4 . The t r u n c a t io n  
p o in t s  from  one sam ple 
can  be e s t a b l i s h e d  by a  
v e r t i c a l  l i n e  c o n n e c tin g  
a  t i c k  m ark a t  th e  to p  
and  b o tto m  o f  th e  
g ra p h .
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TABLE 8 .  TRUNCATION POINTS PER SUBAREA
S u b a rea  1 2 3 4 5 6 7 8 9
No. o f  
Sam ples 9 4 30 5 40 10 28 7 2
#  T .P .
1 - 3 .0  
3 - 1 .5
5 1 .0  
9 3 .1
6 5 .1
#  T .P .
1 -2 .6  
1 -1 .6
3 0 .9
3 3 .1
3 5 .2
#  T .P .
30 - 3 .0  
30 - 1 .4
30 1 .1
22 3 .1
24 4 .8
#  T .P .
4 - 3 .1
4 -1 .5
5 1 .8  
2 3 .3  
5 5 .2
#  T .P .
2 - 2 .8  
7 - 1 .8  
7 0 .3  
25 1 .4
27 2 .9
39 5 .0
#  T .P .
6 1 .5  
4  3 .1  
10 5 .2
#  T.P.
6 1 .0  
14 2 .3
10 4 .1  
26 5 .8
#  T.P.
4  0 .6
5 2 .8  
4 4 .2  
4 5 .9
#  T.P.
2 2 .3
1 4 .0
2 6 .0
#  Number o f  t im e s  th e  t r u n c a t io n  p o in t  w as o b se rv e d  
T .P .  A verage  t r u n c a t i o n  p o in t  f o r  s u b a re a
th ro u g h  5 ,  th e  u n v e g e ta te d  s u b a r e a s .  S u b area  8 ,  th e  u n v e g e ta te d  s a n d s ,  
s i l t s ,  and  c l a y s  o f  th e  s id e  b a r ,  a p p e a rs  t o  be somewhat t r a n s i t i o n a l .  
S u b area  6 ,  t h e  g r a s s e s  o f  th e  l o n g i tu d in a l  b a r ,  h a s  g r e a t e r  s i m i l a r i t y  
t o  th e  u n v e g e ta te d  s u b a r e a s .  The t r u n c a t i o n  p o i n t s  may r e f l e c t  v a r i a ­
t i o n s  i n  e n e rg y  a c c o rd in g  to  en v iro n m en t e s p e c i a l l y  i f  th e y  a r e  th e  
b o u n d a r ie s  be tw een  s u b p o p u la t io n s  c o r re s p o n d in g  t o  modes o f  se d im e n t 
t r a n s p o r t .
T ab le  9 p r e s e n t s  th e  a v e ra g e s  o f  g ro u p in g s  o f  t r u n c a t i o n  p o in t s  
w h ich  a r e  found  t o  r e o c c u r  i n  th e  135 sam p les  and  sum m arizes t h e i r  
s i g n i f i c a n c e .
A e o lia n  T ra n s p o r t
P e r i o d i c a l l y  th ro u g h o u t th e  y e a r ,  a e o l i a n  t r a n s p o r t  o c c u rs  
w i th in  th e  s tu d y  a r e a .  A sam ple w hich  can  be r e l a t e d  s p e c i f i c a l l y  to  
a e o l i a n  t r a n s p o r t  i s  la c k in g  from  th e  s tu d y  a r e a .  H ow ever, d u r in g  th e  
s p r in g  o f  1971 a  sam ple  o f  w ind blow n sed im en t w as c o l l e c t e d  from  a
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TABLE 9 . AVERAGE TRUNCATION FOR ALL SAMPLES
N.O. T .P . POSSIBLE SIGNIFICANCE, FLUVIAL TRANSPORT
38 - 3 .0
45 - 1 .5 I n t e r m i t t e n t  S u s p e n s io n , C o a rse  B oundary , When G ra v e ls  
w ere  T ra n s p o r te d
7 0 .3
84 1 .2 I n t e r m i t t e n t  S u s p e n s io n , C o a rse  B oundary
16 2 .3
72 3 .0 C o n tin u o u s  S u s p e n s io n , C o arse  B oundary , S u b a re a s  1-6
15 4 .0 C o n tin u o u s  S u s p e n s io n , C o a rse  B oundary , S u b a re a s  7 ,8 , & 9
119 5 .0
T o ta l  No. o f  Sam ples 135
N .O . = Number o f  Times T ru n c a t io n  P t .  was O bserved  
T .P .  = A verage T ru n c a t io n  P o in t
snow d r i f t  lo c a te d  n e a r  P u tu ,  a p p ro x im a te ly  3 .1  mi (5 km) dow nstream .
I n  F ig u re  52 th e  l o g - p r o b a b i l i t y  d i s t r i b u t i o n  i s  i n t e r p r e t e d  
a s  two lo g -n o rm a l s u b p o p u la t io n s  t r u n c a te d  a t  3 .4  0 .  The c o a r s e r  su b ­
p o p u la t io n  c o m p rise s  98 p e r c e n t  o f  th e  sa m p le . The r e s u l t s  g iv e n  a g re e  
f a v o r a b ly  w i th  th e  f in d in g s  o f  V is h e r  (1 9 6 9 , p .  1104) f o r  c o a s t a l  dune 
s a n d s .  He fo u n d  t h a t  th e  t r u n c a t i o n  p o in t  b e tw een  th e  s a l t a t i n g  and 
su sp e n d e d  p o p u la t io n s  o c c u rs  a t  3 t o  4 0  w i th  th e  s a l t a t i n g  p o p u la t io n  
com posing  97 t o  99 p e r c e n t  o f  t h e  p o p u la t io n .
F l u v i a l  T ra n s p o r t  o f  S a n d s , S i l t s ,  and  C la y s
U sin g  th e  a v e ra g e  c u r r e n t  v e l o c i t y  o f  1 .5  m /s ,  th e  s h e a r  v e l o ­
c i t y  a t t a i n e d  a t  maximum d is c h a r g e  i s  found  v ia  K e u la g a n 's  e q u a t io n
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F ig u re  5 2 . L og-no rm al s u b -  
p o p u la t io n s  and 
m odes o f  s e d i ­
m ent t r a n s p o r t  
f o r  a e o l i a n  
se d im e n t 
c o l l e c t e d  from  
a  s n o w d r if t  a t  
P u tu .
( e q u a t io n  6 ,  A ppendix  V I) t o  be  6 .6 7  cm /s f o r  a  k Q o f  0 .4  f o r  c l e a r  f lo w , 
and 5 .2 7  cm /s f o r  a k c  o f  0 .2  f o r  se d im e n t la d e n  flo w  (T a b le  1 0 ) .  The 
a v e ra g e  s h e a r  v e l o c i t y  i s  3 .8 7  c m /s .
The c a l c u l a t e d  t o t a l  b o tto m  s h e a r  v e l o c i t y  a t t a i n e d  i s  found  
t o  be 5 .7 5  cm /s ( e q u a t io n  8 ,  A pp en d ix  V I ) .  A ck e rs  and W hite  (1 9 7 5 , p . 
625) r e p o r t  t h a t  th e  t o t a l  s h e a r  v e l o c i t y  sh o u ld  a v e ra g e  7 p e r c e n t  more 
th a n  th e  s h e a r  v e l o c i t y  w i th  r e s p e c t  t o  a  g r a i n .  I t  a p p e a r s  t h a t  th e  
c a l c u l a t e d  s h e a r  v e l o c i t y  f o r  c l e a r  f lo w  and  f o r  sed im en t la d e n  flo w  
a r e  r e s p e c t i v e l y  to o  l a r g e  and to o  s m a l l .  The a v e ra g e  s h e a r  v e l o c i t y  
o f  5 .2 7  c m /s , how ever, i s  8 .4  p e r c e n t  l e s s  th a n  th e  t o t a l  s h e a r  v e l o ­
c i t y  and  i s  p ro b a b ly  c l o s e r  t o  b e in g  c o r r e c t .
F o r bed  lo a d  t r a n s p o r t  th e  t r u n c a t i o n  p o in t  b e tw een  th e  sub p o p u ­
l a t i o n  b e in g  moved i n  c o n ta c t  w i th  th e  bed  and  th e  s u b p o p u la t io n  b e in g  
t r a n s p o r t e d  i n  i n t e r m i t t e n t  s u s p e n s io n  can  now be p r e d ic te d  ( e q u a t io n
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TABLE 10 . CALCULATED SHEAR VELOCITIES AT SECTION 1 , 1962
SHEAR VELOCITY WHEN U =1.5m /s
k = 0 .4  k  = 0 .2  AV. U.. . •“ o o t o t a l
% DIFFERENCE 
BETWEEN
Ua v . & Ut o t a l
6 .6 7  3 .8 7  5 .2 7  5 .7 5 8 .3 5
C a lc u la te d  from  K e u la g a n 's  e q u a t io n
9 , A ppend ix  V I ) .  The s h e a r  v e l o c i t y  i s  5 .2 7  c m /s . From R o u s e 's  cu rv e  
( B l a t t ,  e t a l . ,  1972, p . 54 ) i t  i s  found  t h a t  th e  q u a r tz  p a r t i c l e  w ith  
a  s e t t l i n g  v e l o c i t y  o f  5 .2 7  cm /s i n  w a te r  a t  8°C h a s  a  d ia m e te r  o f 
1 .2  0  ( .4 4  mm). From T ab le  9 i t  can  be s e e n  t h a t  a  t r u n c a t io n  p o in t  
h a v in g  an  a v e ra g e  v a lu e  o f  1 .2  0 o c c u rs  i n  84 s a m p le s .
T h is  f in d in g  i s  f u r t h e r  s u b s t a n t i a t e d  by  th e  g r a i n  s i z e  d i s t r i  
b u t i o n s .  Curve A i n  F ig u re  53 i s  th e  l o g - p r o b a b i l i t y  p l o t  o f  a  com­
p o s i t e  sam ple o f  suspended  sed im en t d e p o s i te d  upon  w illo w  b ra n c h e s
F ig u re  5 3 . L og-norm al s u b ­
p o p u la t io n s  o c c u r­
r in g  i n  suspended 
sed im en t from  
w illo w s  (Curve A) 
and i n  s u r f i c i a l  
sed im en t o f  th e  
l o n g i tu d in a l  b a r  
(C urve B ).
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( F ig .  54 ) o f  s u b a re a  7 d u r in g  th e  s p r in g  f lo o d  o f  1971 . The se d im e n t 
s a m p le s , w h ich  w ere  c o l l e c t e d  from  th e  w illo w s  a t  e l e v a t i o n s  o f  2 i n  
( 5 .1  cm) to  18 i n  (4 5 .7  cm) above  th e  l o n g i t u d i n a l  b a r  s u r f a c e ,  a r e  
com posed o f  g r a in s  t r a n s p o r te d  by b o th  i n t e r m i t t e n t  s u s p e n s io n  and  c o n ­
t in u o u s  s u s p e n s io n .  From F ig u re  5 3 , c u rv e  A, i t  c a n  b e  s e e n  t h a t  no 
g r a in s  c o a r s e r  th a n  1 0  o c c u r  i n  th e  sam p le .
The com petency  o f  th e  C o lv i l l e  R iv e r  w i th in  th e  s tu d y  r e a c h  ca n  
be  d e te rm in e d  when th e  s h e a r  v e l o c i t y  i s  5 .2 7  cm /s ( S h i e l d s '  c u rv e  and  
e q u a t io n  3 , A ppendix  V I ) .  The maximum s i z e  o f  th e  p a r t i c l e  f o r  w h ich  
th e  s tre a m  c a n  i n i t i a t e  m o tio n  i s  found  t o  be 0 .9  0 ( .5 4  mm).
An i n d i c a t i o n  t h a t  th e  C o l v i l l e  R iv e r  was c a p a b le  o f  m oving 
o n ly  p a r t i c l e s  o f  0 .9  0 and  l e s s  may b e  s e e n  on c u rv e  B, F ig u re  5 3 .
Curve B r e p r e s e n t s  th e  l o g - p r o b a b i l i t y  p l o t  o f  se d im e n t d e p o s i t e d  in  
s u b a re a  5 d u r in g  th e  s p r in g  f lo o d  o f  1971. The sa m p le , c o l l e c t e d  from  
1 i n  ( 2 .5  cm) o f  sed im en t d e p o s i te d  upon a  s c r e e n  on th e  s t o s s  s id e  o f  
th e  l o n g i tu d in a l  b a r  ( F ig s .  34 & 3 5 ) ,  c o n s i s t e d  o f  a  r i p p l e  m arked 
la y e r  o f  sand  w ith  a  s u r f a c e  d ra p e  o f  s i l t  and  p e a t . The p a r t i c l e s  
com posing th e  sam ple a r e  a l l  l e s s  th a n  0 .5  0 i n  d ia m e te r  ( i . e . ,  sam p les 
w ere  s ie v e d  a t  0 .5  0 i n t e r v a l s ) .
A d d i t io n a l  in f o r m a t io n  on th e  mode o f  se d im e n t t r a n s p o r t  f o r  
th e  s u b p o p u la t io n s  c a n  be d e r iv e d  from  c u rv e  A. The f i r s t  t r u n c a t i o n  
p o in t  o c c u rs  a t  4 0 .  A rn b o rg , W a lk e r, and  P e ip p o  (1 9 6 7 , p .  139) p ro v id e  
in f o r m a t io n  on su sp en d ed  sed im e n t sam p les  from  th e  s p r in g  f lo o d  o f  1962. 
The sam p les  c o l l e c t e d  a p p ro x im a te ly  0 .6  mi (1  km) u p s tre a m  ( S e c t io n  1) 
from  th e  s tu d y  a r e a  a r e  from  w i th in  t h e  r i v e r  and  r e p r e s e n t  sed im en t 
t r a n s p o r te d  i n  c o n tin u o u s  s u s p e n s io n .  The r e p o r t e d  sed im e n t sam ples
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F ig u re  5 4 . Suspended  se d im e n ts  d e p o s i t e d  on th e  
b ra n c h e s  o f  th e  t a l l e r  w illo w s  ( i . e . ,  
g r e a t e r  th a n  4  f e e t )  o f  th e  l o n g i tu d in a l  
b a r  by th e  s p r in g  f lo o d in g .
a r e  a l l  com posed o f  p a r t i c l e s  l e s s  th a n  4  0 i n  d ia m e te r .  I t  c a n , 
t h e r e f o r e ,  be co n c lu d e d  t h a t  4 0 r e p r e s e n t s  th e  t r u n c a t io n  p o in t  b e ­
tw een  i n t e r m i t t e n t  s u s p e n s io n  and  c o n tin u o u s  s u s p e n s io n .
T ab le  8 i n d i c a t e s  t h a t  a  t r u n c a t i o n  p o in t  o c c u rs  a t  a p p r o x i ­
m a te ly  4 0 i n  s u b a re a s  7 ,  8 ,  and  9 . H ow ever, i n  s u b a re a s  1 th ro u g h  6 
a  t r u n c a t i o n  p o in t  o c c u rs  a t  a p p ro x im a te ly  3 0 .  T h is  t r u n c a t i o n  p o in t  
may r e p r e s e n t  e i t h e r  th e  b o u n d ary  b e tw een  s a l t a t i o n  and s u s p e n s io n  
d u r in g  a e o l i a n  t r a n s p o r t  o r  i t  may i n d i c a t e  g r e a t e r  e n e rg y  w i th in  s u b -  
a r e a s  1 th ro u g h  6 d u r in g  f l u v i a l  t r a n s p o r t .  The h ig h e r  e n e rg y  w ould 
a l lo w  l a r g e r  p a r t i c l e s  t o  be p la c e d  i n t o  s u s p e n s io n .  A rn b o rg , W a lk e r, 
and P e ip p o  (1 9 6 7 , p .  140) found  t h a t  i n  th e  C o lv i l l e  R iv e r  th e  g r e a t e r  
th e  d is c h a r g e  th e  l a r g e r  th e  g r a i n  s i z e  o f  th e  su spended  s e d im e n t.
79
T h e ir  m e a su re m e n ts , how ev er, w ere o f  sed im en t h e ld  i n  c o n t in u o u s  s u s p e n ­
s i o n .  V is h e r  (1 9 6 9 , p .  1104) g iv e s  th e  g e n e r a l i z a t i o n  t h a t  th e  t r u n c a ­
t i o n  p o in t  f o r  c o n t in u o u s  s u sp e n s io n  in  f l u v i a l  t r a n s p o r t  sh o u ld  o c c u r  
be tw een  2 .7 5  and  3 .5  0 .  The c r o s s - s e c t i o n  o f  th e  l o n g i t u d i n a l  b a r  
i l l u s t r a t e d  i n  F ig u re  36 r e v e a l s  t h a t  w i th in  s u b a re a s  5 and  6 th e  
g e n e r a l  te n d e n c y  i s  f o r  th e  s u r f i c i a l  d e p o s i t s  t o  c o n s i s t  o f  a  sand  
la y e r  w ith  s i l t  a b o v e . T h is  w ould a p p e a r  to  i n d i c a t e  t h a t  th e  dom inan t 
d e p o s i t i o n a l  p ro c e s s  i s  f l u v i a l .  The t r u n c a t io n  p o in t  a t  3 0  p ro b a b ly  
d o es  r e p r e s e n t  th e  b o u n d ary  betw een  i n t e r m i t t e n t  s u s p e n s io n  and  c o n ­
t in u o u s  s u sp e n s io n  d u r in g  f l u v i a l  t r a n s p o r t .
The b o u n d ary  o f  i n t e r m i t t e n t  s u s p e n s io n  and  c o n t in u o u s  s u s p e n ­
s io n  a p p e a rs  t o  v a ry  a c c o rd in g  t o  e l e v a t i o n  above th e  bed  and  e x p o su re  
t o  th e  p r e v a i l i n g  c u r r e n t  d u r in g  s p r in g  f lo o d in g .  The e n v iro n m e n ta l 
s u b a re a s  o f  1 th ro u g h  6 c o rre sp o n d  w ith  th e  lo w er e l e v a t i o n s  on th e  
lo n g i tu d in a l  b a r  and  h ave  a t r u n c a t io n  p o in t  o f  3 0 .  E n v iro n m e n ta l 
s u b a re a  7 c o r re s p o n d s  t o  th e  h ig h e s t  e l e v a t i o n s  on th e  l o n g i tu d in a l  
b a r  and  h a s  a  t r u n c a t i o n  p o in t  o f  4 0 .  On th e  s id e  b a r ,  e n v iro n m e n ta l 
su b a re a s  8 and 9 , w h ich  a r e  somewhat p r o te c te d  d u r in g  s p r in g  f lo o d in g  
by th e  l o n g i tu d in a l  b a r ,  have a t r u n c a t io n  p o in t  o f  4 0 .
The t r u n c a t i o n  p o in t s  l i s t e d  a r e  g a th e re d  from  sam p les  o b ta in e d  
by p e n e t r a t i n g  th e  s u r f a c e  t o  a d e p th  o f  4 i n  (1 0 .2  cm ). T hese sam p les  
a r e  n o t  o f  a s in g l e  s e d im e n ta ry  u n i t  b u t r a t h e r  from  m u l t ip l e  u n i t s .
Some o f  th e s e  sam p les  may c o n ta in  sed im e n ts  d e p o s i te d  o v e r  10 o r  more 
y e a r s .  The r e o c c u r r e n c e  o f  t r u n c a t io n  p o in t s  o f  a p p ro x im a te ly  th e  
same v a lu e  p ro b a b ly  i n d i c a t e s  t h a t  th e  hydrodynam ic c o n d i t io n s  o f  th e  
C o lv i l l e  R iv e r  do n o t f l u c t u a t e  a p p r e c ia b ly  from  y e a r  t o  y e a r .
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Fluvial Transport of Gravels
Table 11 presents the shear stresses and shear velocities neces­
sary to initiate movement of the coarsest particles occurring in 
subareas 3 and 4 .  The shear stress and shear velocities are given for 
- 3 .0  0, the average of the first truncation point in the grain size 
distributions of subareas 3 and 4 ; - 4 .3  0, the average value of the 
coarsest one percentile; and - 4 .5  0, the maximum grain size occurring 
in subareas 3 and 4 .  The calculated shear velocities range from 8 .8  
cm/s for - 3 .0  0 to 1 4 .8  cm/s for - 4 .5  0. As can be seen from Table 10 
the calculated shear velocities attained under the conditions of 1962 
were insufficient to initiate motion of the gravels. The necessary 
shear velocities for movement, however, are not exceptional. Shear 
velocities in excess of 14 cm/s are reported in the Mississippi River 
at St. Louis when the discharge exceeds 2 2 ,6 4 0  m^/s and for the Otowi 
reach of the Rio Grande when the discharge exceeds 85 nrfys (Middleton, 
1 9 7 6 ).
K e u la g a n 's  e q u a t io n  ( e q u a t io n  6 ,  A ppendix  V I) i s  u se d  t o  c a l c u ­
l a t e  th e  s tre a m  v e l o c i t i e s  n e c e s s a r y  t o  a t t a i n  th e  r e q u i r e d  s h e a r  
v e l o c i t i e s  f o r  th e  i n i t i a t i o n  o f  p a r t i c l e  m o tio n  f o r  - 3 .0  0, - 4 .3  0, 
and - 4 .5  0. F or e a c h  p a r t i c l e  s i z e  th e  c u r r e n t  v e l o c i t i e s  a r e  g iv e n  
f o r  a  k Q o f  0 .2  and  0 .4 .  The two c u r r e n t  v e l o c i t i e s  a r e  v iew ed a s  th e  
maximum and minimum n e c e s s a r y  f o r  p a r t i c l e  m o tio n .
The g r a v e l s  o f  s u b a re a s  3 and  4 a r e  e i t h e r  i n  p la c e  o r  have  been 
t r a n s p o r te d  to  t h e i r  p r e s e n t  p o s i t i o n  from  u p s tre a m . The la c k  o f  
g r a v e l s  o u tc ro p p in g  a lo n g  th e  b l u f f s  o f  th e  s tu d y  a r e a  a p p e a rs  t o  i n d i ­
c a t e  an  u p s tre a m  s o u r c e .  H ow ever, g r a v e l s  do o c c u r  a t  th e  e n t r a n c e  to
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TABLE 11 . SHEAR STRESS AND SHEAR VELOCITY FOR GRAVEL MOVEMENT
SHEAR
STRESSa
SHEAR
VELOCITY
u*
cm /smm 0
**o
d y n es
MAXIMUM GRAIN SIZE 22.6 - 4 .5 220 14 .8
COARSEST 
ONE PERCENTILE 19 .7 - 4 .3 191 13 .8
FIRST TRUNCATION 
POINT 8 .0 - 3 .0 78 8.8
C a lc u la te d  from  S h i e l d s '  d ia g ra m
th e  W est C hannel ( F ig .  3 ) .  I f  th e  g r a v e l s  h av e  b e e n  d e r iv e d  from  a n  
u p s tre a m  s o u r c e ,  i t  i s  n e c e s s a ry  t o  move th e  g r a v e l s  th ro u g h  S e c t io n  1, 
a p p ro x im a te ly  0 .6  m i (1 km) u p s tre a m  from  th e  s tu d y  a r e a .  T a b le  12 
g iv e s  th e  c u r r e n t  v e l o c i t i e s  n e c e s s a ry  to  move th e  g r a v e l s  th ro u g h  
S e c t io n  1 i n  1962 and  1971. C u rre n t v e l o c i t i e s  a r e  a l s o  g iv e n  f o r  th e  
dow nstream  movement o f  th e  g r a v e l s  from  t h e i r  p r e s e n t  l o c a t io n  a t  s u b -  
a r e a  3 . A t S e c t io n  1 , a  h ig h e r  v e l o c i t y  was r e q u i r e d  f o r  1971 th a n  was 
n e c e s s a r y  i n  1962 due to  th e  h ig h e r  s ta g e  a t t a i n e d  i n  1971 (F ig .  4 ) .
F o r e a c h  o f  th e  v e r t i c a l  colum ns o f  T a b le  1 2 , th e  c u r r e n t  v e l o ­
c i t i e s  g iv e n  f o r  th e  two s ta g e s  a t  S e c t io n  1 and  a t  s u b a re a  3 a r e  so  
c lo s e  t h a t  p ro b a b ly  no v a l id  d i f f e r e n c e  e x i s t s  b e tw een  them . K e u la g a n 's  
e q u a t io n  i s  a n  e m p ir ic a l  r e l a t i o n s h i p  and  th e  a v e ra g e  c u r r e n t  v e l o ­
c i t i e s  f o r  a  colum n a r e  p ro b a b ly  a s  c lo s e  t o  b e in g  c o r r e c t  a s  any  s in g l e  
v a lu e  i n  th e  co lum n.
The a v e ra g e  c u r r e n t  v e l o c i t y  o f  1 .5  m /s  r e p o r te d  f o r  1962 
(A rn b o rg , e t  a l . ,  1966, p .  205) a t  0 .6  m i (1 km) u p s tre a m  from  th e  s tu d y
82
TABLE 1 2 . AVERAGE CURRENT VELOCITIES FOR GRAVEL MOVEMENT
U cm /s
-3  0 - 4 .3  0 -4 .5  0
MEAN U*=8.8 U*=13.8 U*=14.8
DEPTH
m k o= 0 .4  k o= 0 .2 k o= 0 .4  ko= 0 .2 k o= 0 .4  k o=0.2
SECTION 1 
1962 4 .2 1 198 341 311 536 333 574
NEAR SECTION 1 
1971 7 .1 1 209 364 329 572 353 613
ACROSS 
SUBAREA 3 5 .5 0 204 353 320 554 343 594
AV. 204 353 320 554 343 594
C a lc ,  from  K e u la g a n 's  e q u a t io n  u s in g  a  w a te r  
te m p e ra tu re  o f  8°C .
re a c h  i s  i n s u f f i c i e n t  t o  move th e  g r a v e l s  o f  s u b a re a s  3 and  4 . The 
maximum r e p o r te d  c u r r e n t  v e l o c i t y  o f  2 .3  m /s ,  h o w ev er, i s  s u f f i c i e n t  
t o  move p a r t i c l e s  o f  - 3 .0  0 u n d e r  c o n d i t io n s  o f  c l e a r  flo w  b u t n o t 
s u f f i c i e n t  t o  move l a r g e r  p a r t i c l e s .  T hese  r e s u l t s  i n d i c a t e  t h a t  th e  
c u r r e n t  v e l o c i t i e s  need  n o t  b e  in c r e a s e d  g r e a t l y  t o  move g r a v e l s  o f 
- 3 .0  0 .
I n  T a b le  13 th e  s h e a r  v e l o c i t i e s  n e c e s s a ry  t o  i n i t i a t e  p a r t i ­
c l e  m o tio n  f o r  g r a i n  s i z e s  o f  - 3 .0  0 ,  - 4 .3  0 , and  - 4 .5  0 a r e  p r e s e n te d .  
The t a b l e  a l s o  g iv e s  th e  g r a in  s i z e  o f  th e  p a r t i c l e  w hose s e t t l i n g  
v e l o c i t y  i s  n u m e r ic a l ly  e q u a l  t o  th e  s h e a r  v e l o c i t y .  From th e  r e l a ­
t i o n s h i p  g iv e n  f o r  p a r t i c l e  s u s p e n s io n  ( e q u a t io n  9 ,  A ppendix  V I ) ,  i t  
c an  be c o n c lu d e d  t h a t  when th e  s h e a r  v e l o c i t y  i s  8 .8  c m /s ,  p a r t i c l e s  
h a v in g  a  d ia m e te r  o f  - 3 .0  0 w i l l  b e g in  t o  move and  p a r t i c l e s  h av in g  a
TABLE 1 3 . GRAIN SIZES WHEN U* = uu
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- DIA. OF PARTICLE 1
FOR WHICH U-fosul DIA. OF PARTICLE
U* WILL cm /s WHOSE
INITIATE MOTION SETTLING VEL. =ui
mm 0 mm 0
minimum U* (k Q= 0 .2 ) 3 .8 7 0 .3 5  1 .5
r-H
gO 04 
H  VO
a v e ra g e  U* 0 .5 4  0 .9 5 .2 7 0 .4 3  1 .2
esW
CO
t o t a l  b o tto m  s h e a r  v e l . 5 .7 5 0 .4 8  1 .0
maximum U* (k Q= 0 .4 ) 6 .6 7 0 .5 4  0 .9
CO f i r s t  t r u n c a t i o n  p o in t 8 .0  - 3 .0 8 .8 0.68  0.6
2  <t
C3 CO 
CO
a v e ra g e  c o a r s e s t
one p e r c e n t i l e 1 9 .7  - 4 .3 1 3 .8 0.88  0.2
maximum g r a i n  s i z e  | 2 2 .6  - 4 .5 1 4 .8 1.10  - 0.1
^ D iam eter d e te rm in e d  a t  8°C from  R o u s e 's  c u rv e  a s  p r e s e n te d  in  
B l a t t ,  e t  a l . ,  1972, p .  5 4 ) .
d ia m e te r  o f  - 0 .6  0 w i l l  be p la c e d  i n t o  i n t e r m i t t e n t  s u s p e n s io n .  For 
p a r t i c l e s  o f  - 4 .3  0 and - 4 .5  0 th e  r e s p e c t iv e  g r a i n  s i z e s  w h ich  w i l l  be 
p la c e d  i n t o  i n t e r m i t t e n t  s u sp e n s io n  a r e  0 .2  0  and - 0 .1  0 .  By r e f e r r i n g  
to  T ab le  8 i t  c a n  be se e n  t h a t  i n  su b a re a  5 a  t r u n c a t i o n  p o in t  a v e r ­
a g in g  0 .3  0 o c c u r s  i n  sev en  sa m p le s . T h is  i s  th e  o n ly  i n d i c a t i o n  o f  a 
t r u n c a t io n  p o in t  h av in g  a  v a lu e  c lo s e  t o  t h a t  p r e d ic te d  from  e q u a t io n  9 
o f  A ppendix  V I.
In  s u b a re a s  1 th ro u g h  5 a  t r u n c a t io n  p o i n t ,  o b se rv e d  i n  45 
s a m p le s , o c c u rs  a t  - 1 .5  0 .  T h is  t r u n c a t io n  p o in t  r e p r e s e n t s  a  g r a in  
s i z e  g r e a t e r  th a n  th e  com petency o f  th e  C o l v i l l e  R iv e r  a s  d e te rm in e d  
f o r  1962 and  1971 . V ish e r  (1969 , p .  1104) r e p o r t s  t h a t ,  i n  g e n e r a l ,  f o r  
f l u v i a l  t r a n s p o r t  a t r u n c a t io n  p o in t  o c c u rs  a t  - 1 .5  0 t o  - 1 .0  0  m ark in g
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th e  b o u n d ary  be tw een  bed lo a d  and t r a n s p o r t  by  i n t e r m i t t e n t  s u s p e n s io n .  
When s h e a r  v e l o c i t i e s  w i th in  th e  s tu d y  re a c h  o f  th e  C o lv i l l e  R iv e r  
a t t a i n  a  m a g n itu d e  g r e a t  enough t o  p la c e  p a r t i c l e s  o f  - 1.5  0 i n t o  
i n t e r m i t t e n t  s u s p e n s io n ,  th e  com petency  o f  th e  r i v e r  i s  s u f f i c i e n t  to  
move ev en  th e  c o a r s e s t  p a r t i c l e s  o c c u r r in g  i n  th e  g r a v e l  r e g io n s ,  s u b -  
a r e a s  3 and  4 ,  o f  th e  l o n g i t u d i n a l  b a r .
ORIGIN AND DEVELOPMENT OF THE BARS 
The p h y s io g ra p h y , h y d ro d y n a m ic s , and  se d im e n ts  o f  th e  C o lv i l l e  
R iv e r  h o ld  th e  key  t o  t h e  o r i g i n  and  d ev e lo p m en t o f  th e  s id e  and 
l o n g i tu d in a l  b a r s .  The hy d ro d y n am ics  o f  th e  C o lv i l l e  R iv e r  and  i t s  
se d im e n ts  a r e  im p o r ta n t  i n d i c a t o r s  o f  p r e s e n t  and  p a s t  c o n d i t io n s .
D uring  th e  s p r in g  f lo o d s  o f  1967 and  1971 , th e  C o l v i l l e  R iv e r  
was in c a p a b le  o f  m oving th e  g r a v e l s  o f  th e  l o n g i tu d in a l  b a r .  T h is  
c o u ld  i n d i c a t e  e i t h e r  t h a t  th e  g r a v e l s  o r ig i n a t e d  from  e r o s io n  o f  th e  
b l u f f s  a t  th e  s id e  o f  th e  l o n g i t u d i n a l  b a r  w i th  rem oval o f  th e  f i n e s  
b y  f l u v i a l  a c t i o n  o r  t h a t  th e  g r a v e l s  h av e  b e e n  t r a n s p o r te d  from  a n  u p ­
s tre a m  so u rc e  t o  t h e i r  p r e s e n t  l o c a t i o n  d u r in g  a  tim e  o f  h ig h  s tre a m  
v e l o c i t i e s .  The fo rm e r ,  h o w ev er, a p p e a r s  somewhat u n l i k e l y  due t o  t h r e e  
f a c t o r s :  ( 1) no  o u tc ro p p in g s  o f  g r a v e l s  w ere  o b se rv e d  i n  th e  b l u f f
a d ja c e n t  t o  th e  s i t e  o f  th e  l o n g i t u d i n a l  b a r ,  (2 ) th e  s t r e a m lin e d  sh ap e  
o f  th e  l in g u o id  sh aped  g r a v e l  r id g e  p ro b a b ly  i n d i c a t e s  t h a t  i t  was 
form ed d u r in g  movement o f  th e  g r a v e l s ,  and  (3 )  th e  p re s e n c e  i n  th e  g r a in  
s i z e  d i s t r i b u t i o n s  o f  a t r u n c a t i o n  p o in t  a t  - 1 .5  0 p ro b a b ly  r e p r e s e n t s  
th e  c o a rs e  b o u ndary  o f  bed lo a d  t r a n s p o r t  a t  tim e  o f  g r a v e l  m ovem ent.
The C o lv i l l e  R iv e r  f lo w s  from  a  r e l a t i v e l y  c o n s t r i c t e d  c h a n n e l 
a t  S e c t io n  1 ( F ig .  2 )  i n t o  a  much w id e r  c h a n n e l i n  th e  s tu d y  a r e a .  T h is  
c h a n n e l w id en in g  o c c u rs  a b r u p t l y  j u s t  u p s tre a m  from  th e  l o n g i tu d in a l  
b a r .  As th e  r i v e r  f lo w s  from  th e  c o n s t r i c t e d  c h a n n e l o f  S e c t io n  1 i n t o  
th e  w id e r  c h a n n e l d ow nstream , a d e c r e a s e  i n  s tre a m  v e l o c i t y  i s  e x p e c te d .
D uring  s p r in g  f lo o d in g  i n  th e  a r c t i c ,  r i v e r  c h a n n e ls  may become 
r e s t r i c t e d  by i c e  ja m s . The e f f e c t  o f  a n  i c e  jam  i s  i n i t i a l l y  f e l t
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u p s tre a m  w here a n  in c r e a s e  i n  r i v e r  s ta g e  above  t h a t  o f  n o rm al may 
o c c u r .  I n  th e  Tana R iv e r  o f  Norway i c e  jam s a r e  known t o  in c r e a s e  
r i v e r  s ta g e  by s e v e r a l  in c h e s  ( C o l l in s o n ,  1971, p .  5 5 9 ) .  I n  th e  Yukon 
R iv e r  i t  h a s  b een  found  t h a t  i n  e v e ry  f i v e  t o  f i f t e e n  y e a r s  an  i c e  jam  
o c c u rs  d u r in g  s p r in g  f lo o d in g  w h ich  may in c r e a s e  th e  s t a g e  l o c a l l y  by 
40 f t  (12 m) o r  m ore (E a rd ly ,  1938 , p .  3 5 1 ) .  D uring  th e  s p r in g  f lo o d  o f  
1966 on th e  C o lv i l l e  R iv e r ,  an  i c e  jam  form ed w h ich  c a u se d  a  l o c a l l y  
h ig h e r  th a n  n o rm al s ta g e  and  a  l o c a l i z e d  in c r e a s e  i n  e r o s io n  n e a r  th e  
i c e  jam  (W alker and  M cCloy, 1969 , p .  7 2 ) .
At th e  s i t e  o f  b lo c k a g e  by an  i c e  jam  in c re a s e d  v e l o c i t i e s  
a ro u n d  th e  r e s t r i c t i o n  may c a u se  e r o s io n  and t r a n s p o r t  o f  g r a v e l s  th e  
s i z e  o f  th o s e  found  on th e  l o n g i tu d in a l  b a r .  A t th e  tim e  o f  i c e  jam  
b re a k u p  c u r r e n t  v e l o c i t i e s  w i l l  c a u s e  t r a n s p o r t  o f  th e  g r a v e l s .  Thus 
i f  a n  i c e  jam  form s i n  th e  v i c i n i t y  o f  S e c t io n  1 , g r a v e l s  w i l l  e v e n ­
t u a l l y  be t r a n s p o r te d  dow n stream . W ith  th e  c h a n n e l w idened  a t  th e  
p r e s e n t  s i t e  o f  th e  l o n g i tu d in a l  b a r ,  c u r r e n t  v e l o c i t i e s  w ould  d e c re a s e  
r a p i d l y  r e s u l t i n g  i n  d e p o s i t i o n  o f  th e  g r a v e l s .  The g r a v e l s  form  th e  
n u c le u s  f o r  b a r  d e v e lo p m e n t. T h is  i n i t i a l  s t a t e  o f  th e  C o l v i l l e  R iv e r  
l o n g i tu d in a l  b a r  i s  s i m i l a r  t o  t h a t  d e s c r ib e d  f o r  b r a id  b a r  d ev e lo p m en t 
by L eopo ld  and Wolman (1 9 5 7 ) .
When th e  g r a v e l s  w ere i n i t i a l l y  d e p o s i t e d ,  th e  r i g h t  r i v e r  b l u f f
i n  p la n  v iew  m ust have had  a g e n t ly  c u rv in g  convex  fa c e  to w ard  th e  r i v e r
c h a n n e l .  A f te r  d e p o s i t io n  o f  th e  g r a v e l s  th e  C o lv i l l e  R iv e r  was fo rc e d
t o  flo w  a ro u n d  th e  o b s t r u c t i o n .  I n  t h i s  m anner th e  s id e  c h a n n e l  was
e s t a b l i s h e d .  S tream  flo w  th ro u g h  th e  s id e  c h a n n e l now e ro d e d  th e
a d jo in in g  b l u f f  and  a l t e r e d  i t s  sh ap e  from  t h a t  o f  convex  t o  co n cav e  
( F ig .  3 ) .
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P r o g r e s s in g  dow n stream , th e  to p o g ra p h ic  e x p r e s s io n  o f  th e  
g r a v e l s  a f t e r  t h e i r  d e p o s i t io n  may have b een  t h a t  o f  a  g r a v e l  s h e e t  
r i s i n g  to w ard  th e  n o r th  su c c e e d e d  by a  to p o g ra p h ic  low w hich  c u lm i­
n a te d  i n  th e  l in g u o id  sh ap ed  g r a v e l  r id g e  a t  th e  n o r th  end o f  th e  
d e p o s i t .  T h is  g r a v e l  d e p o s i t  form ed th e  fo u n d a t io n  upon w h ich  th e  
l o n g i tu d in a l  b a r  was b u i l t .  D u rin g  e a c h  s u c c e e d in g  s p r in g * f lo o d  s e d i ­
m en ts  w ere  d e p o s i t e d  i n  th e  to p o g ra p h ic  low s on th e  l e e  o f  th e  g r a v e l  
s h e e t  ( s u b a re a  3 ) and  th e  l in g u o id  sh aped  g r a v e l  r id g e  ( s u b a re a  4 ) .
A t th e  s o u th  end  o f  th e  l o n g i tu d in a l  b a r  th e  g r a v e l  s h e e t  ( s u b a re a  3) 
a c te d  a s  a  ra m p a r t t h a t  p r o te c te d  th e  dow nstream  a r e a  w hich  in c r e a s e d  
i n  e l e v a t i o n  a f t e r  ea c h  s p r in g  f lo o d .  G ra ss  and w illo w s  becam e e s t a b ­
l i s h e d  a t  h ig h e r  e l e v a t i o n  and  a id e d  i n  t r a p p in g  su sp en d ed  se d im e n ts  
w h ich  f u r t h e r  in c r e a s e d  t h e  e l e v a t i o n .  A lso  a id in g  i n  in c r e a s in g  th e  
e l e v a t i o n  was th e  o c c a s io n a l  f o rm a t io n  o f  ic e - s h o v e  r id g e s  d u r in g  
b re a k u p . I n  t h i s  m anner th e  l o n g i t u d i n a l  b a r  grew  to  an  e l e v a t i o n  
w h ich  e x ce ed ed  th e  maximum s ta g e  o c c u r r in g  d u r in g  th e  o b se rv e d  b re a k u p  
o f  1971.
When th e  l o n g i t u d i n a l  b a r  g a in e d  s u f f i c i e n t  e l e v a t i o n ,  i t s  
p re s e n c e  a id e d  i n  p r o t e c t i n g  th e  p o r t i o n  o f  th e  r i g h t  bank  dow nstream  
a d ja c e n t  t o  th e  p r e s e n t  s id e  b a r .  I n  t h i s  p r o te c te d  a r e a  th e  s id e  b a r  
fo rm e d .
SUMMARY AND CONCLUSIONS
F l u v i a l  and  a e o l i a n  p r o c e s s e s  a r e  r e s p o n s ib le  f o r  th e  d e v e lo p ­
ment and  m o d i f i c a t io n  o f  th e  m orpho logy  o f  th e  b a r s .  A e o lia n  a c t i v i t y  
i s  l i k e l y  t o  o c c u r  a t  an y  tim e  o f  th e  y e a r .  The dom inan t p r o c e s s ,  how­
e v e r ,  i s  f l u v i a l  w i th  i t s  a c t i v i t y  c o n f in e d  t o  th e  r e l a t i v e l y  s h o r t  
p e r io d  o f  s p r in g  f l o o d in g .  Modes o f  se d im e n t t r a n s p o r t  a r e  d e te rm in e d  
by u s in g  th e  g r a i n  s i z e  d i s t r i b u t i o n s  from  f l u v i a l  d e p o s i t s .
P r e s e n te d  i n  th e  fo l lo w in g  summary a r e  c o n c lu s io n s  r e g a r d in g  
m o rp h o lo g ic  c h a n g e s  c e n te r e d  a ro u n d  s p r in g  f lo o d in g ,  f a c t o r s  i n f l u ­
e n c in g  a c t i v e  l a y e r  d e v e lo p m e n t, s i g n i f i c a n c e  o f  g r a in  s i z e  s t a t i s t i c a l  
p a r a m e te r s ,  e f f e c t s  o f  i c e  r a f t e d  s e d im e n ts ,  and  f l u v i a l  p r o c e s s e s .
M o rp h o lo g ic  C hanges
(1 )  The e f f e c t i v e n e s s  o f  f l u v i a l  and  a e o l i a n  p r o c e s s e s  i n
th e  m o d i f ic a t io n  o f  b a r  s e d im e n ts  i s  d ep e n d e n t upon th e  
d i s t r i b u t i o n ,  t h i c k n e s s ,  and  d u r a t i o n  o f  snow c o v e r .  As 
lo n g  a s  a  snow c o v e r  i s  p r e s e n t ,  b o th  f l u v i a l  and  a e o l i a n
p r o c e s s e s  have l i t t l e  a b i l i t y  t o  m o d ify  b a r  s u r f a c e s .
(2 )  I n  th e  s p r in g ,  m e ltw a te r  d e r iv e d  from  th e  snow c o v e r
becom es a n  a c t i v e  a g e n t  f o r  th e  dow nslope movement o f  
e x p o s e d , thaw ed s e d im e n ts .  T hese  s e d im e n ts ,  w h ich  a r e  
e a s i l y  rem oved d u r in g  s p r in g  f l o o d in g ,  become p a r t  o f  
th e  se d im e n t lo a d  o f  th e  C o lv i l l e  R iv e r .  I n  t h i s  m anner 
th e  l o n g i tu d in a l  b a r  c o n t r i b u t e s  sed im en t to  th e  r i v e r .
(3 )  A c t iv e  l a y e r  develo p m en t p r i o r  t o  and  d u r in g  s p r in g  
f lo o d in g  f a c i l i t a t e s  th e  m o d i f ic a t io n  o f  b a r  s u r f a c e
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s e d im e n ts .  The u l t im a te  t h i c k n e s s  a c h ie v e d  by th e  thaw ed 
l a y e r  a t  th e  end o f  th e  summer h a s  l i t t l e  t o  no  e f f e c t  
on th e  m orphology o f  th e  b a r .
(4 )  D u rin g  s p r in g  f lo o d in g ,  t h e  l o n g i t u d i n a l  b a r  i s  a lm o s t 
e n t i r e l y  subm erged. A t t h i s  t im e  th e  b a r  becom es 
p r im a r i ly  a n  a r e a  o f  d e p o s i t i o n .  The d e p o s i t i o n a l  
se q u e n c e  o b se rv ed  i s  a  u n i t  com posed o f  tw o l a y e r s :  a  
lo w er t h i c k e r  la y e r  o f  c o a r s e r  s e d im e n t fo llo w e d  upward 
by a  t h i n n e r  la y e r  o f  f i n e r  s e d im e n t.
(5 )  I c e  shove o f  sed im en t d u r in g  s p r in g  f lo o d in g  i s  
r e s p o n s ib le  f o r  s i g n i f i c a n t  i n c r e a s e s  i n  th e  e l e v a t i o n  
o f  th e  lo n g i tu d in a l  b a r .  I t  a p p e a r s  t h a t  v e ry  few ic e  
shove r id g e s  o f  sed im en t fo rm  d u r in g  a  s p r in g  f lo o d .
Once th e y  have o r ig i n a t e d ,  t h e i r  l i k e l i h o o d  o f  re m a in ­
in g  a s  p ro m in an t to p o g ra p h ic  f e a t u r e s  o f  th e  b a r  i s  
g r e a t .
(6 ) As th e  s p r in g  f lo o d  s u b s id e s ,  f l u v i a l  m o rp h o lo g ic  change 
i s  c o n f in e d  p r im a r i ly  t o  t h e  s t r a n d  l i n e s  c o r re s p o n d in g  
t o  f l u c t u a t i o n s  i n  s t a g e .  A e o lia n  p r o c e s s e s  now become 
im p o r ta n t  a g e n ts  m o d ify in g  p o r t i o n s  o f  th e  l o n g i tu d in a l  
b a r  s u r f a c e .  The dom inant p h y s io g ra p h ic  f e a t u r e s  on th e  
b a r s ,  how ever, a r e  th o s e  form ed by f l u v i a l  a c t i v i t y  a n d , 
i n  p a r t i c u l a r ,  th o s e  form ed d u r in g  th e  s p r in g  f lo o d .
D ep th  o f  Thaw
(1 )  The d e p th  o f  thaw o f  th e  b a r  s e d im e n ts  d o es  n o t  c o r r e l a t e  
w i th  d i r e c t i o n  o f  s lo p e  e x p o s u re .  The s lo p e s  on th e
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l o n g i tu d in a l  b a r  a r e ,  i n  g e n e r a l ,  l e s s  th a n  one d e g r e e .  
The d i f f e r e n c e  o f  i n s o l a t i o n  on su ch  g e n t l e  s lo p e s  i s  
p ro b a b ly  i n s i g n i f i c a n t .
(2 )  The d e p th  o f  thaw  o f  th e  b a r  se d im e n ts  d o es  c o r r e l a t e  
w ith  mean d ia m e te r .  I t  d o es  n o t, how ever, c o r r e l a t e  w i th  
e l e v a t i o n .
S ig n i f i c a n c e  o f  G ra in  S iz e  S t a t i s t i c a l  P a ra m e te rs
(1 )  The p r e d ic t e d  mean d ia m e te r  c u rv e  f o r  th e  r i v e r  p lu s  
n o n g ra v e l  b a r  d e p o s i t s  (Group I )  r e f l e c t s  th e  c o n d i t io n s  
o f  th e  s p r in g  f lo o d  o f  1971 . The p r e d ic te d  mean d i a ­
m e te r  c u rv e  f o r  th e  g r a v e l  d e p o s i t s  o f  th e  g r a v e l  s h e e t  
and th e  l in g u o id  g r a v e l  r id g e  (G roup I I )  r e f l e c t s  
c o n d i t io n s  o c c u r r in g  a t  some tim e  i n  th e  p a s t .
(2 )  F o r th e  r i v e r  p lu s  n o n g ra v e l b a r  d e p o s i t s  (Group I ) ,  
mean d ia m e te r  d e c r e a s e s  w i th  e l e v a t i o n  above th e  b e d .
The r e l a t i o n s h i p  i s  l i n e a r .  A ls o , th e  d i f f e r e n c e s  and 
s i m i l a r i t i e s  i n  th e  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te rs  
be tw een  e n v iro n m e n ta l  s u b a re a s  a r e  a  r e f l e c t i o n  o f  th e  
e l e v a t i o n  o f  th e  s u b a re a  and  th e  p r e d ic t e d  mean d ia m e te r  
w h ich  w i l l  o c c u r  a t  t h a t  e l e v a t i o n .
E f f e c t s  o f  I c e  R a f te d  S ed im en ts
(1 ) On th e  s u r f a c e  o f  th e  b a r s ,  a b ru p t  ch an g es i n  th e  s e d i ­
ment a r e  p o s s ib le  due t o  d e p o s i t io n  o f  i c e  r a f t e d  
s e d im e n ts .  I f  th e  r e s u l t s  o b ta in e d  i n  1971 a r e  t y p i c a l ,  
th e  v a r i a t i o n s  a r e  m ost l i k e l y  t o  o c c u r  a t  o r  be tw een
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e l e v a t i o n s  o f  11 and  13 f t  ( 3 .4  and  4 .0  m ). The s t a t i s ­
t i c a l  p a ra m e te r s  o f  s ta n d a rd  d e v i a t i o n ,  sk ew n ess , and 
k u r t o s i s  do n o t  d i f f e r  s i g n i f i c a n t l y  b e tw een  th e  r a f t e d  
and  n o n r a f te d  s e d im e n ts .  The mean d ia m e te r  o f  th e  
r a f t e d  s e d im e n ts  i s ,  ho w ev er, fou n d  t o  be s i g n i f i c a n t l y  
c o a r s e r  th a n  f o r  th e  n o n r a f te d  s e d im e n ts .  The e f f e c t  o f  
i c e  r a f t i n g  i s  t h e r e f o r e  r e f l e c t e d  i n  th e  o c c u rre n c e  o f  
a r e a s  o f  g r e a t e r  th a n  no rm al mean g r a i n  s i z e .
F l u v ia l  P r o c e s s e s
(1 )  The dom inan t f l u v i a l  p ro c e s s  a c t i v e  i n  e a c h  e n v iro n m e n ta l 
su b a re a  i s  r e v e a le d  by th e  C-M p l o t .  H ow ever, a  m ore 
c o m p le te  d e te r m in a t io n  o f  f l u v i a l  p r o c e s s e s  i s  o b ta in a b le  
from  a  s tu d y  o f  s u b p o p u la t io n s  i n  l o g - p r o b a b i l i t y  p lo t s  
o f  g r a i n  s i z e  d i s t r i b u t i o n s .  F u r t h e r ,  s t u d i e s  o f  su b ­
p o p u la t io n s  g ro u p ed  a c c o rd in g  t o  e n v iro n m e n ta l  s u b a re a s  
r e v e a l  d i f f e r e n c e s  be tw een  s u b a re a s  w h ich  a r e  n o t  o b ta in ­
a b l e  from  c o m p ariso n s  be tw een  g r a i n  s i z e  s t a t i s t i c a l  
p a ra m e te rs  o f  e n v iro n m e n ta l  s u b a r e a s .
(2 )  From a  hydrodynam ic  c o n s id e r a t i o n  and  a s tu d y  o f  th e  
p o in t s  o f  t r u n c a t i o n  be tw een  s u b p o p u la t io n s  o f  g r a in  s i z e  
d i s t r i b u t i o n s ,  i t  i s  a p p a re n t  t h a t  th e  p o r t i o n  o f  th e  
s tre a m  lo a d  b e in g  t r a n s p o r t e d  a s  bed  lo a d  and wash lo a d  can  
be d e te rm in e d  s p e c i f i c a l l y .  F o r 1971 , th e  s p e c i f i c  bound­
a r y  be tw een  t r a n s p o r t  a s  bed  lo a d  i n  c o n ta c t  w ith  th e  bed 
and  a s  i n t e r m i t t e n t  s u sp e n s io n  o c c u r re d  a t  1 .2  0 .  The m ax i­
mum g r a i n  s i z e  w h ich  th e  r i v e r  w as c a p a b le  o f  t r a n s p o r t i n g
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was 0 .9  0 .  P a r t i c l e s  l e s s  th a n  3 0 a r e  h e ld  i n  c o n t in u ­
ous s u sp e n s io n  i n  a r e a s  o f  h ig h  e n e rg y .  I n  a r e a s  o f  l e s s  
e n e rg y ,  p a r t i c l e s  l e s s  th a n  4 0  a r e  h e ld  i n  c o n tin u o u s  
s u s p e n s io n .  P a r t i c l e s  be tw een  1 .2  0  and  e i t h e r  3 0 o r  4 
0 (d ep en d in g  upon  th e  e n v iro n m e n t)  a r e  t r a n s p o r t e d  i n  
i n t e r m i t t e n t  s u s p e n s io n .
(3 )  The p h i b o u n d a r ie s  be tw een  th e  p o r t i o n s  o f  th e  sed im en t 
lo a d  b e in g  t r a n s p o r te d  a s  bed  lo a d ,  i n t e r m i t t e n t  
s u s p e n s io n ,a n d  c o n tin u o u s  s u s p e n s io n  a r e  found  to  have 
a p p ro x im a te ly  t h e  same v a lu e  w h e th e r  th e  se d im e n t sam ple 
was ta k e n  from  se d im e n t d e p o s i t e d  d u r in g  th e  s p r in g  
f lo o d  o f  1971 o r  w h e th e r th e  se d im e n t sam ple  was ta k e n  
from  la m in ae  r e p r e s e n t in g  d e p o s i t i o n  o v e r  many y e a r s .
From t h i s ,  i t  i s  co n c lu d ed  t h a t  th e  flo w  reg im e  from  
y e a r  t o  y e a r  h as  n o t  f l u c t u a t e d  a p p r e c ia b ly  from  t h a t
o f  th e  p r e s e n t .
(4 )  I n  a r e a s  c o n ta in in g  g r a in  s i z e s  w h ich  s u r p a s s  th e  
p r e s e n t  com pentency o f  th e  r i v e r ,  s u b p o p u la t io n s  a r e  
e n c o u n te re d  w hich  ( a )  have c o r r e s p o n d in g  b o u n d a r ie s  w ith  
s u b p o p u la t io n s  o f  g r a in  s i z e  d i s t r i b u t i o n s  o f  f i n e r  s e d i ­
m en ts  and  (b )  have s u b p o p u la t io n s  o c c u r r in g  i n  th e  c o a r s e r  
p a r t s  o f  th e  d i s t r i b u t i o n  ( i . e . ,  th e  p a r t  la c k in g  in  th e  
f i n e r  a r e a s ) .  I t  i s  b e l ie v e d  t h a t  th e s e  t r u n c a t io n  p o in t s  
i n  c o a r s e r  s e d im e n ts  a r e  a  le g a c y  from  th e  tim e  o f  t r a n s ­
p o r t  o f  th e  c o a r s e r  m a t e r i a l s .
(5 )  The g e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  sed im en t sam ples
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r e f l e c t  th e  I n f lu e n c e  o f  s e d im e n ta t io n  d u r in g  th e  s p r in g  
f lo o d .  W ith  em ergence o f  th e  b a r s ,  m o d i f ic a t io n  by 
o th e r  a g e n ts  ( e . g . ,  a e o l i a n )  o c c u rs  i n  th e  m orpho logy  
o f  th e  b a r s .  H ow ever, when th e  c h a r a c t e r i s t i c s  o f  a l l  
th e  sam ples a r e  a v e ra g e d ,  th e  d i f f e r e n c e s  in t ro d u c e d  by 
th e s e  o th e r  a g e n ts  d i s a p p e a r .  T h u s , th e  m a jo r d e t e r ­
m in a n t o f  th e  c h a r a c t e r i s t i c s  o f  th e  b a r  s e d im e n ts  
a p p e a r s  t o  be f l u v i a l  a c t i v i t y  d u r in g  s p r in g  f lo o d in g ,  
a  p ro c e s s  w h ich  em braces a s  l i t t l e  a s  4 p e r c e n t  o f  a n  
e n t i r e  y e a r  and  a s  l i t t l e  a s  13 p e r c e n t  o f  th e  p e r io d  
o f  a c t i v e  d is c h a r g e .
(6 ) The f i e l d  d a ta  and  th e  hydrodynam ic  a n a l y s i s  i n d i c a t e  
t h a t  th e  C o lv i l l e  R iv e r  was in c a p a b le  o f  m oving th e  
g r a v e l s  o f  th e  l o n g i tu d in a l  b a r  e i t h e r  from  t h e i r  p r e s e n t  
l o c a t io n  i n  s u b a re a s  3 and  4 o r  from  th e  l o c a t io n  o f  
S e c t io n  1 , a  p ro b a b le  s o u r c e .  The t r u n c a t io n  p o in t  o f  
- 1 .5  0 found  in  th e  g r a v e l  d e p o s i t s  may be a  le g a c y
from  th e  tim e  o f  g r a v e l  t r a n s p o r t s  and may r e p r e s e n t  th e  
bo u n d ary  be tw een  t r a n s p o r t  a s  b ed  lo a d  and a s  i n t e r m i t t e n t  
s u s p e n s io n .
(7 )  From th e  hydrodynam ic a n a l y s i s ,  i t  i s  a p p a re n t  t h a t  th e  
maximum re c o rd e d  s tre a m  v e l o c i t y  a t  S e c t io n  1 i n  1962 
w as s u f f i c i e n t  t o  move th e  g r a v e l s  o f  - 3 .0  0 .  H ow ever, 
th e  v e l o c i t y  was in c a p a b le  o f  m oving th e  c o a r s e r  g r a v e l s  
w h ich  have a  maximum s i z e  o f  - 4 .5  0 .  From th e s e  f i n d i n g s ,  
i t  i s  c o n c lu d ed  t h a t  o n ly  a  s l i g h t  in c r e a s e  i n  s tre a m
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v e l o c i t y  i s  n e c e s s a r y  i n  o rd e r  t o  move th e  f i n e r  g r a v e l s  
( i . e . ,  - 3 .0  0 ) .  Much g r e a t e r  i n c r e a s e s  i n  v e l o c i t y  a r e  
n e c e s s a r y  t o  move th e  c o a r s e r  g r a v e l s .
I t  i s  c o n c lu d e d  t h a t  th e  p re s e n c e  o f  th e  g r a v e l s  on th e  l o n g i t u ­
d in a l  b a r  i s  p r i m a r i l y  r e s p o n s ib le  f o r  m a in ta in in g  th e  s t a b i l i t y  o f  th e  
b a r .  F u r th e r ,  i t  i s  p ro p o se d  t h a t  th e s e  g r a v e l s  w ere  t r a n s p o r te d  t o  
t h e i r  p r e s e n t  l o c a t i o n  on th e  b a r  from  a n  u p s tre a m  so u rc e  d u r in g  a  m a jo r  
i c e  jam  b re a k u p  w h ich  o f f e r e d  a  t im e  o f  h ig h  s tre a m  v e l o c i t y .  T h u s, 
i t  i s  c o n c lu d ed  t h a t  th e  d e p o s i t i o n  o f  th e s e  g r a v e l s  c r e a te d  th e  n u c le u s  
f o r  th e  d ev e lo p m en t o f  th e  b a r .
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DERIVATION OF FLUVIAL BAR TERMINOLOGY 
A l lu v i a l  B ar T erm in o lo g y  
One a t te m p t  a t  o rg a n iz in g  th e  te rm in o lo g y  o f  bed fo rm s i n  
a l l u v i a l  c h a n n e ls  was made by  th e  S o c ie ty  o f  C i v i l  E n g in e e rs  (T ask  
f o r c e  on bed form s i n  a l l u v i a l  c h a n n e ls ,  1 9 6 6 ) . An e x a m in a tio n  o f  t h i s  
r e p o r t  and a  s tu d y  o f  th e  n o m e n c la tu re  p r e s e n te d  r e v e a le d  t h a t  a d e q u a te  
te rm s  c o u ld  n o t be found t o  a p p ly  t o  th e  two b a r s  s tu d ie d  i n  th e  
C o lv i l l e  R iv e r .  A m ore e x te n s iv e  re v ie w  o f  th e  l i t e r a t u r e  r e v e a le d  
t h a t :  ( 1) te rm s  w ould have t o  be a d o p te d  from  more th a n  one a u th o r  and
(2 ) somewhat s i m i l a r  f e a t u r e s  have  b e e n  d e s c r ib e d  by v a r io u s  w o rk e rs  
w ith o u t  th e  u se  o f  a  u n ifo rm  te rm in o lo g y .
Ore (1964 , p .  1) d e f in e s  a  l o n g i t u d i n a l  b a r  a s  one w h ic h , "h as  
i t s  lo n g  a x i s  e s s e n t i a l l y  a l ig n e d  w i th  s tre a m  f lo w ."  B ars  o f  o th e r  
w o rk e rs  w h ich  can  m eet th e  r e q u ir e m e n ts  o f  t h i s  d e f i n i t i o n  a r e :  ( 1) th e
s p o o l b a r  o f  K rin g s tro m  (1 9 6 2 ) , (2 )  th e  i s l a n d s  c o n s id e re d  by C o ll in s o n  
(1970), and  (3 ) th e  m e d ia l b a r s  s tu d ie d  by B lu ck  (1 9 7 4 ) .  L ik e w is e , when 
a s id e  b a r  i s  d e s ig n a te d  a s  one w h ich  i s  a t t a c h e d  t o  th e  bank 
( C o l l in s o n ,  1 9 7 0 ), th e  p o in t  b a r  o f  S m ith  (1974 ) and  th e  l a t e r a l  b a r  o f  
B luck  (1974) m eet th e  q u a l i f i c a t i o n s  o f  t h i s  d e f i n i t i o n .
The b a r  n o m e n c la tu re  u sed  h e r e i n  and  th e  a s s o c i a t e d  te rm s  o f  
o th e r  w o rk e rs  a r e ,  how ever, n o t  n e c e s s a r i l y  synonym ous. T h e r e f o re ,  th e  
a l t e r n a t e  te rm s  d is c u s s e d  below  a r e  n o t  em ployed i n  t h i s  s tu d y .  For 
ex am p le , th e  sp o o l b a r  o f  K rig s to rm  (1 9 6 2 ) m e e ts  th e  re q u ire m e n ts  f o r  a  
l o n g i tu d in a l  b a r  o n ly  a t  c e r t a i n  s t a g e s  o f  d e v e lo p m e n t. C o ll in s o n
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(1970 ) i n  h i s  s tu d y  o f  th e  Tana R iv e r  u s e s  th e  te rm  i s l a n d s  f o r  p h y s io g ­
ra p h y  s i m i l a r  t o  th e  l o n g i tu d in a l  b a r  o f  th e  C o lv i l l e  R iv e r .  However, 
i t  i s  f e l t  t h a t  th e  word i s l a n d  sh o u ld  be r e s t r i c t e d  t o  p h y s io g ra p h ic  
f e a t u r e s  h a v in g  s u f f i c i e n t  to p o g ra p h ic  h e ig h t  so  t h a t  th e y  a r e  n o t 
s u b je c te d  t o  m a jo r  subm ergence d u r in g  f l o o d in g .  B r ic e  (1964) im p lie s  
t h i s  m ean ing  i n  p r e s e n t in g  h i s  s t a b i l i z e d  b r a id  in d e x :  B . I .  = 2
[sum  o f  le n g th s  o f  i s l a n d s  and ( o r )  b a r s  i n  r e a c h ]  7 le n g th  o f  re a c h  
m easu red  b e tw ee n  b a n k s . By d e f i n i t i o n  th e  s t a b i l i z e d  b r a id  in d e x  
re m a in s  c o n s ta n t  w i th  v a ry in g  r i v e r  s t a g e .  The m e d ia l b a r  o f  B luck  
(1 9 7 4 ) conveys th e  im p re s s io n  o f  b e in g  lo c a te d  i n  m id -c h a n n e l .  B ecause 
th e  l o n g i t u d i n a l  b a r  o f  t h i s  s tu d y  i s  p o s i t i o n e d  to w ard s  one s id e  o f  
th e  r i v e r  c h a n n e l ,  th e  te rm  m e d ia l i s  n o t  a p p r o p r i a t e .
The s id e  b a r  o f  t h e  C o l v i l l e  R iv e r  c o u ld  be c l a s s i f i e d  a s  a 
p o in t  b a r  a s  u sed  by S m ith  (1 9 7 4 , p .  2 1 0 ) .  S m ith 's  p o in t  b a r  i s  a 
g r a v e l  d e p o s i t ,  "fo rm ed  i n  g e n t ly  c u rv in g  c h a n n e ls ,  commonly s e p a ra te d  
from  th e  in n e r  convex  bank  by a  s m a l le r  c h a n n e l ."  A t a  tim e  when th e  
p o in t  b a r  i s  n o t  s e p a r a te d  from  th e  bank  i t  w ould  be r e f e r r e d  to  a s  a 
s id e  b a r .  The te rm  p o in t  b a r  i s  n o t  u se d  i n  t h i s  r e p o r t  i n  o rd e r  to  
a v o id  i n d i r e c t l y  im p ly in g  ( 1) a  m e a n d e rin g  s tre a m  p a t t e r n  o r  (2 ) th e  
p re s e n c e  o f  r id g e  an d  sw a le  to p o g ra p h y . A n o th e r  p o s s ib le  t e r n  f o r  
s id e  b a r  i s  B lu c k 's  (1 9 7 4 , p .  541 ) l a t e r a l  b a r ,  d e f in e d  a s  " u n i t s  o f  
se d im e n t a t t a c h e d  (o r  a b o u t t o  b e )  t o  a b a n k ."  The p h y s io g ra p h ic  
e x p r e s s io n  o f  B lu c k 's  l a t e r a l  b a r  i s  t h a t  o f  b a r  and sw ale  to p o g rap h y  
(B lu c k , 1974 , p .  5 4 1 ) .  F o r t h i s  r e a s o n  th e  te rm  l a t e r a l  b a r  i s  n o t 
u s e d .
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FIELD PROCEDURES
S tu d ie s  P r i o r  t o  S p r in g  F lo o d in g  
Snow d e p th s  an d  su b se q u e n t d e p th s  o f  thaw  w ere  d e te rm in e d  by 
u s in g  a  m e ta l ro d  m arked  a t  6 i n  (1 5 .2  cm) i n t e r v a l s .  The ro d  was 
i n s e r t e d  i n t o  e i t h e r  t h e  snow c o v e r  o r  thaw ed se d im e n ts  a t  s p e c i f i e d  
i n t e r v a l s  a lo n g  t r a v e r s e s  e s t a b l i s h e d  w ith  a  B ru n to n  co m p ass .
P r i o r  t o  th e  s p r in g  f lo o d ,  a t  s e l e c t e d  lo c a t io n s  on th e  l o n g i ­
tu d i n a l  b a r ,  s c r e e n in g  w as p la c e d  on th e  b a r  s u r f a c e  and  h e ld  i n  p la c e  
w i th  one fo o t  i r o n  s p ik e s  d r iv e n  i n t o  th e  b a r  s e d im e n ts .  The o b j e c ­
t i v e  o f  th e  s c r e e n in g  w as to  ( 1) d e te rm in e  a r e a s  o f  s e d im e n ta t io n  a n d /o r  
e r o s io n  and  (2 ) d i f f e r e n t i a t e  s e d im e n ts  d e p o s i te d  by t h e  s p r in g  f lo o d  
o f  1971 from  s e d im e n ts  d e p o s i te d  d u r in g  p re v io u s  f lo o d s .
P o s t B reakup S tu d ie s
S ed im en t Sample C o l l e c t in g
B eg in n in g  i n  t h e  l a t t e r  p a r t  o f  Ju n e  and  c o n t in u in g  th ro u g h  J u l y ,  
th e  s u r f i c i a l  s e d im e n ts  o f  th e  l o n g i t u d i n a l  and  s id e  b a r s  w ere  sa m p le d . 
The sam p les  w ere  o b ta in e d  by i n s e r t i n g  a  p l a s t i c  tu b e  o f  2 .5  i n  ( 6 .4  
cm) i n  d ia m e te r  t o  a  d e p th  o f  4 i n  ( 10.2 cm) i n t o  th e  s u r f a c e  o f  t h e  
b a r .  The tu b e  w as th e n  e x t r a c t e d  w i th  i t s  sed im en t c o n t e n t .  The s e d i ­
m ent was rem oved from  th e  tu b e ,  p la c e d  i n t o  a p l a s t i c  b a g , s e a l e d ,  
l a b e le d ,a n d  sh ip p e d  f o r  a n a l y s i s  t o  L o u is ia n a  S ta t e  U n iv e r s i t y .
The s u r f i c i a l  se d im e n t sam p les  w ere c o l l e c t e d  a t  100 f t  
(3 0 .5  m) i n t e r v a l s  a lo n g  s ix  t r a v e r s e s  e s t a b l i s h e d  w ith  th e  u se  o f  a
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B ru n to n  com pass and  ta p e  on th e  l o n g i tu d in a l  b a r  ( F ig .  6 ) .  One 
t r a v e r s e  o f  5200  f t  (1585 m) was p o s i t io n e d  a lo n g  th e  le n g th  o f  th e  
b a r .  B eg in n in g  a t  900 f t  (274 m) from  th e  s o u th  end  o f  th e  b a r ,  and 
a t  each  su c c e e d in g  900 f t  (274 m) i n t e r v a l ,  a  t o t a l  o f  f i v e  t r a v e r s e s  
w ere  e s t a b l i s h e d  a c r o s s  th e  w id th  o f  th e  b a r .
On th e  s id e  b a r  s u r f i c i a l  s e d im e n ts  w ere  c o l l e c t e d  a t  th e  
fo llo w in g  l o c a t i o n s :  (1 )  one sam ple  was c o l l e c t e d  a t  th e  s o u th e rn
e x t r e m ity  o f  th e  b a r  and  a n o th e r  a t  th e  n o r th e r n  e x t r e m i t y ,  (2 ) midway 
a lo n g  th e  le n g th  o f  th e  b a r ,  t h r e e  sam p les  w ere  c o l l e c t e d  a c r o s s  th e  
w id th  o f  th e  b a r ,  one a t  th e  w a te r  l i n e ,  one a t  midway a lo n g  th e  w id th ,  
and  one a t  th e  b a s e  o f  th e  r i v e r  b l u f f ,  and  (3 )  a t  o n e - q u a r t e r  and 
th r e e - q u a r t e r s  o f  th e  le n g th  o f  th e  b a r ,  two sam p les  w ere  c o l l e c t e d  a t  
e ac h  lo c a t io n  a lo n g  a  t r a v e r s e  a c r o s s  th e  w id th  o f  th e  b a r ,  one a t  th e  
w a te r  l i n e ,  and  one a t  th e  b a se  o f  th e  r i v e r  b l u f f .
G rab sam p les  o f  th e  r i v e r  b o tto m  s e d im e n ts  w ere  c o l l e c t e d  from  
b o th  th e  m ain  c h a n n e l and  th e  s id e  c h a n n e l i n  m id - J u ly .  Bottom  s e d i ­
m ent sam ples w ere  c o l l e c t e d  a c r o s s  th e  w id th  o f  th e  c h a n n e ls  a t  each  
o f  th e  fo l lo w in g  l o c a t i o n s :  (1 )  a t  t h e  u p s tre a m  and dow nstream  e x tre m ­
i t y  o f  th e  s tu d y  a r e a ,  (2 )  a t  th e  u p s tre a m  and dow nstream  e x t r e m i ty  o f  
th e  l o n g i tu d in a l  b a r ,  (3 )  a t  o n e - t h i r d  and  tw o - th i r d s  o f  th e  le n g th  o f  
th e  l o n g i tu d in a l  b a r ,  and  (4 )  a t  h a l f  th e  d is ta n c e .b e tw e e n  th e  down­
s tre a m  end o f  th e  l o n g i tu d in a l  b a r  and  th e  dow nstream  end o f  th e  s tu d y  
a r e a .
S ed im ent C h a r a c t e r i s t i c s  Below th e  S u r fa c e  o f  th e  B ars
O u ts id e  o f  th e  g r a v e l  a r e a s  o f  th e  l o n g i tu d in a l  b a r  a t  eac h  
sed im en t sam ple c o l l e c t i n g  s i t e ,  a  h o le  was e x c a v a te d  to  f r o z e n  g ro u n d .
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The ch an g e s  I n  s e d im e n ts  w ere  v i s u a l l y  o b s e rv e d , m easured , an d  r e c o r d e d .
In  g r a v e l  a r e a s ,  h o le s  w ere  e x c a v a te d  o n ly  a t  s e l e c t e d  lo c a ­
t i o n s .  The t o t a l  d e p th  o f  t h e  h o le  I n  m ost c a s e s  was d e te rm in e d  by th e  
d e p th  a t  w hich  g ro u n d  w a te r  was e n c o u n te re d .  The m e ta l  p ro b e  was th e n  
i n s e r t e d  u n t i l  p e n e t r a t i o n  w as no  lo n g e r  p o s s i b l e .  T h is  d e p th  was 
assum ed  to  be f r o z e n  g ro u n d .
T o p o g rap h ic  S u rv ey  and  Map C o n s tr u c t io n
T h ro u g h o u t th e  m onth  o f  J u ly  th e  l o n g i tu d in a l  b a r  and  th e  s id e  
b a r  w ere  su rv e y e d  by u s in g  a  t h e o d o l i t e .  D ep ths i n  t h e . r i v e r  c h a n n e ls  
w ere  d e te rm in e d  by a  f a th o m e te r .  Maps w ere c o n s t r u c te d  from  th e  su rv e y  
an d  from  th e  a i d  o f  low e l e v a t i o n  a e r i a l  p h o to g ra p h s  o f  th e  s tu d y  a r e a  
ta k e n  d u r in g  th e  1971 f i e l d  s e a s o n .
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APPENDIX I I I  
LABORATORY PROCEDURES
A n a ly s is  o f  S ed im en t Sam ples
S ed im ent sam p les w ere a i r  d r i e d  f o r  s e v e r a l  d a y s  an d  crum bled  
by h a n d . A f te r  th e  sam ple was d r i e d  i t  w as w e ig h e d .
By p a s s in g  th e  sed im en t th ro u g h  a  >1 0  s c r e e n ,  g r a v e l s  w ere 
rem oved from  a p p r o p r ia t e  sam p les and  th e  w e ig h t o f  th e  g r a v e l  f r a c t i o n  
was d e te rm in e d . The g r a v e l s  w ere  th e n  s ie v e d  a t  0 .5  0  i n t e r v a l s .
The f r a c t i o n ,  composed o f  l e s s - t h a n - g r a v e l - s i z e  s e d im e n ts ,  was 
s p l i t  i n t o  s m a l le r  sam p les  w ith  a  sam ple s p l i t t e r .  The s i z e  o f  th e  
sam p les  depended upon th e  c h a r a c t e r i s t i c  s i z e s  o f  th e  s e d im e n ts .  F or 
sam p les  o f  p r im a r i ly  s a n d s ,  a  sam ple w e ig h t o f  a p p ro x im a te ly  100 gram s 
was c h o s e n . F o r f i n e r  s e d im e n ts  s m a l le r  sam p le s  w ere  o b ta in e d .  The 
o b je c t iv e  was t o  d e r iv e  a  sam ple f o r  p i p e t t e  a n a l y s i s  o f  a p p ro x im a te ly  
15 g ram s.
A f te r  th e  sam p les had b een  s p l i t ,  o r g a n ic s  ( i . e . ,  p r im a r i ly  
p e a t s )  w ere  p a r t l y  removed by u s in g  a  m o d i f i c a t io n  o f  th e  p ro c e d u re  
d e v e lo p e d  by J a c k s o n , e t  a l . ,  a s  p r e s e n te d  by Ing ram  (1 9 7 1 , p . 5 8 ) .  To 
a  known w e ig h t o f  sam ple i n  a  400 m l b e a k e r ,  30 p e r c e n t  H2O2 was added  
u n t i l  f r o th i n g  s to p p e d . The sam ple was h e a te d  to  40°C f o r  10 m in u te s  
and  a l lo w e d  t o  e v a p o ra te  t o  a  p a s t e .  To th e  b e a k e r ,  30 m l o f  30 p e r ­
c e n t  H2O2 was ad d e d . The b e a k e r  w as th e n  c o v e re d  by  a  w a tc h  g l a s s  and 
a l lo w e d  t o  d i g e s t  f o r  s e v e r a l  d a y s .  The c o n te n ts  w ere  th e n  b ro u g h t t o  
a  slow  b o i l  t o  d r iv e  o f f  e x c e s s  H202* T h ese  t r e a t e d  sam p les  w ere  o v e n - 
d r i e d  a t  l e s s  th a n  40°C and th e n  w ere  a llo w e d  t o  s ta n d  i n  th e  la b  f o r
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s e v e r a l  h o u rs  i n  o r d e r  t o  a c h ie v e  room te m p e ra tu re  and  a p p ro a c h  room 
h u m id ity .  The w e ig h t o f  th e  sam ple  w as th e n  d e te rm in e d .
The aforementioned method achieves partial removal of organics 
and aids in dispersing clays. Its main advantage is that it removes 
organics without leaving residue which might affect the sample weight.
The t r e a t e d  sam p les  w ere  w et s ie v e d  th ro u g h  a  4 0 s c r e e n  u s in g  
d e io n iz e d  w a te r .  The se d im e n ts  w h ich  p a s s e s  th ro u g h  th e  s c r e e n  w ere 
p la c e d  i n t o  a  1000 ml c y l i n d e r .  The s e d im e n ts  r e t a i n e d  on th e  s c re e n  
w ere  d r i e d ,  w e ig h e d , and  s ie v e d  a t  0 .5  0 i n t e r v a l s  i n  a  Ro-Tap f o r  10 
m in u te s  (In g ra m , 1971, p .  6 4 ) .  The l e s s  th a n  4  0  f r a c t i o n  from  th e  
s ie v e  a n a l y s i s  was th e n  added  t o  th e  1000 m l c y l i n d e r .
To th e  c o n te n ts  o f  th e  1000 m l c y l i n d e r ,  50 m l o f  a  10 p e rc e n t  
C algon  s o l u t i o n  was added  i n  o rd e r  t o  d i s p e r s e  th e  s e d im e n ts .  The 
w a te r  l e v e l  was b ro u g h t t o  e x a c t ly  1000 ml by a d d in g  d e io n iz e d  w a te r .  
The c o n te n ts  o f  th e  c y l in d e r  w ere  th e n  s t i r r e d ,  a llo w e d  t o  s ta n d  o v e r ­
n ig h t ,  an d  ch eck ed  th e  n e x t  day  t o  s e e  i f  f l o c c u l a t i o n  had  o c c u r re d .
F o r th e  a p p r o p r i a t e  room te m p e r a tu r e ,  p i p e t t e  a n a ly s e s  w ere 
ru n  u s i n g . t h e  tim e  s c h e d u le  and d e p th s  o f  w ith d ra w a l g iv e n  by G aleh o u se  
(1 9 7 1 , p .  8 0 ) .  B eaker w e ig h ts  w ere  d e te rm in e d  by u s in g  an  e l e c t r i c a l  
b a la n c e .
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APPENDIX IV 
STATISTICAL METHODS 
P o s t  anova  t e s t s  i n  th e  form  o f  o r th o g o n a l  c o m p ariso n s  w ere 
u sed  t o  d e te rm in e  s p e c i f i c  s u b a re a  ( i . e . ,  s u b a r e a s  1 , 2 ,  3 ,  e t c . )  
d i f f e r e n c e s .  M u l t i p l i e r s  f o r  th e  o r th o g o n a l  c o m p a riso n s  w ere  w e ig h te d
( L i ,  1964 , p .  4 1 0 -4 1 5 ) t o  a d j u s t  f o r  u n e q u a l sam ple s i z e .
F o r  th e  fo u r  g r a in  s i z e  s t a t i s t i c a l  p a r a m e te r s ,  mean d ia m e te r ,  
s ta n d a r d  d e v i a t i o n ,  sk e w n e ss , and  k u r t o s i s ,  a  s te p w is e  r e g r e s s i o n  p r o ­
c e d u re  (B a r r  and  G o o d n ig h t, 1972) was u se d  t o  d e te rm in e  th e  m odel o f  
b e s t  f i t  w i th  r e s p e c t  t o  d i s t a n c e  dow nstream  and  e l e v a t i o n  above se a  
l e v e l .  The m odel c o n ta in in g  a  minimum num ber o f  in d e p e n d e n t v a r i a b l e s  
w h ile  m ax im iz in g  th e  r^  was c h o se n . L i n e a r ,  c u b ic ,  and  q u a d r a t i c  com­
p o n e n ts  w ere  in c lu d e d  i n  th e  p ro c e d u re .  B ased  on th e s e  m odels' o f  th e  
e x i s t e n t  d a t a ,  p r e d ic te d  v a lu e s  w ere  o b ta in e d .  I n  a d d i t i o n  95% c o n f i ­
dence  i n t e r v a l s  a b o u t th e  mean w ere  d e te rm in e d .
T h ese  p ro c e d u re s  w ere p e rfo rm e d  f o r  Group I  ( r i v e r  and a l l  
n o n g ra v e l  d e p o s i t s ,  s u b a re a s  1 , 2 ,  5 ,  6 , 7 , 8 , and  9) and  Group I I  
( g r a v e l  d e p o s i t s ,  s u b a re a s  3 & 4 )  s e p a r a t e l y  due t o  f i e l d  d a ta  i n d i ­
c a t in g  th e  g r a v e l  was n o t an  a c t i v e  p a r t  o f  t h e  se d im e n t t r a n s p o r t
sy stem  d u r in g  th e  b reak u p  o b s e rv e d .
A p a i r e d  t  t e s t  ( L i ,  1964, p .  108 -1 1 1 ) was u sed  i n  o rd e r  t o  t e s t  
i f  a  d i f f e r e n c e  e x i s t e d  be tw een  th e  r a f t e d  an d  n o n r a f te d  sam p les i n  
t h e i r  r e s p e c t i v e  v a lu e s  o f  mean d ia m e te r ,  s ta n d a r d  d e v i a t i o n ,  sk ew n ess , 
and k u r t o s i s .  An F t e s t  ( L i ,  1964 , p .  1 2 2 -1 2 4 ) w as u se d  to .d e te r m in e  
i f  th e  am ount o f  v a r i a b i l i t y  was d i f f e r e n t  w i th i n  e a c h  g ro u p  ( r a f t e d  
and n o n r a f t e d ) .
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P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s  (W einberg  and S chum aker, 1967, 
p .  2 5 9 -2 6 5 ) w ere  u se d  t o  a s c e r t a i n  i f  th e  d e p th  o f  th e  a c t i v e  l a y e r  was 
r e l a t e d  t o  th e  g r a i n  s i z e  s t a t i s t i c a l  p a ra m e te r s  and  th e  e l e v a t i o n  o f  
th e  sam ple  s i t e .  An a n a l y s i s  o f  v a r ia n c e  w i th  a  c o m p le te ly  ran d o m ized  
b lo c k  d e s ig n  ( L i ,  1964, p .  193 -197 ) was u se d  t o  t e s t  i f  thaw  d e p th  
d i f f e r e d  on- e a s t  and  w e s t f a c in g  s lo p e s .
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APPENDIX V
ORTHOGONAL COMPARISONS
R iv e r  B ar E n v iro n m en ts  and  B ar G ra v e l D e p o s i ts
R iv e r  v e r s u s  B ar S ed im en ts
A co m p ariso n  o f  a l l  r i v e r  sam ples ( s u b a re a s  1 and  2 )  w i th  a l l  
b a r  sam p les ( s u b a re a s  3 ,  4 ,  5 ,  6 , 7 , 8 , and  9 ) r e v e a l s  th e  fo llo w in g  
s i g n i f i c a n t  (p < . 01) r e s u l t s ;
1 . The mean d ia m e te r  o f  r i v e r  s e d im e n ts  (X^ = 1 .2 4  0 )  i s
z
s i g n i f i c a n t l y  l a r g e r  th a n  th e  mean d ia m e te r  o f  b a r  s e d im e n ts  
(%z = 2.86 0 ) .
2 .  B o th  r i v e r  and  b a r  sam p les a r e  p o o r ly  s o r t e d .  B ar s e d i ­
m e n ts , w i th  a  m ean s ta n d a r d  d e v ia t io n  o f  2 .0 3  0 ,  a r e  s i g n i f i c a n t l y  m ore 
p o o r ly  s o r t e d  th a n  r i v e r  s e d im e n ts ,  w ith  a  mean s ta n d a r d  d e v i a t i o n  o f  
1 .1 8  0 .
3 .  B ar sam p les  (X gj^ = 0 .2 8 )  a r e  s i g n i f i c a n t l y  f i n e r  skewed
th a n  r i v e r  sam p les  (X gj^ = 0 .0 7 )  w ith  n e a r  s y m m e tr ic a l d i s t r i b u ­
t i o n s  .
4 .  A s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  b e tw een  b a r  sam p les  w hich  
a r e  l e p t o k u r t i c  (X j^  = 1 . 21 ) and r i v e r  sam p les  w h ich  a r e  v e ry
l e p t o k u r t i c  (XK = 1 .5 9 ) .
G
R iv e r  v e r s u s  A l l  N o n g rav e l D e p o s its  o f  th e  B ars
The r i v e r  s e d im e n ts  ( s u b a re a s  1 and 2 )  com pared t o  a l l  n o n -
I
g r a v e l  b a r  s e d im e n ts  ( s u b a re a s  5 ,  6 , 7 , 8 , and  9) y i e l d s  th e  fo llo w in g  
r e s u l t s ,  a l l  s i g n i f i c a n t  a t  p < . 01 :
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1 . The mean d ia m e te r  o f  r i v e r  s e d im e n ts  ( X ^ a l .2 4  0 )  i s  s i g ­
n i f i c a n t l y  l a r g e r  th a n  th e  mean d ia m e te r  o f  n o n g ra v e l d e p o s i t s  o f  th e
b a r s  (Xjfl = 4 .1 5  0 ) .  
z
2 .  R iv e r  and  n o n g ra v e l  d e p o s i t s  o f  th e  b a r  a r e  b o th  p o o r ly  
s o r t e d .  B ar sam p les  (Xg = 1 .7 3  0 ) ,  ho w ev er, a r e  s i g n i f i c a n t l y  m ore
p o o r ly  s o r t e d  th a n  r i v e r  sam p les  (Xg = 1 .1 8  0 ) .
3 .  The n o n g ra v e ls  w i th  a  m ean skew ness o f  0 .3 1  ( s t r o n g ly  f i n e  
skew ed) a r e  s i g n i f i c a n t l y  m ore skewed th a n  r i v e r  s e d im e n ts  w i th  a  
mean skew ness o f  0 .0 7  ( n e a r ly  s y m m e tr ic a l ) .
4 .  L e p to k u r t ic  n o n g ra v e l  b a r  d e p o s i t s  (XK = 1 .3 4 )  d i f f e r
G
s i g n i f i c a n t l y  from  v e r y  l e p t o k u r t i c  r i v e r  d e p o s i t s  (Xw = 1 . 59) .
G
M ain C hannel v e r s u s  S id e  C hannel
A c o m p a riso n  o f  th e  m ain  c h a n n e l ( s u b a re a  1) w i th  th e  s id e
c h a n n e l ( s u b a re a  2 ) r e v e a l s  t h a t  th e  o n ly  s i g n i f i c a n t  d i f f e r e n c e
(p < .0 5 )  o c c u rs  b e tw een  th e  mean v a lu e s  o f  k u r t o s i s .  S id e  c h a n n e l
d e p o s i t s  a r e  l e p t o k u r t i c  (X„. = 1 .3 0 )  w h ereas  m ain  c h a n n e l d e p o s i t s
*G
a r e  v e ry  l e p t o k u r t i c  (XK = 1 .8 8 ) .
G
R iv e r  v e r s u s  G ra v e l D e p o s i ts  o f  th e  L o n g i tu d in a l  B ar
The c o a r s e s t  s e d im e n ts  w i th i n  th e  s tu d y  a r e a  o c c u r  w i th in  r i v e r  
c h a n n e ls  ( s u b a re a s  1 and  2 ) and  on lo n g i tu d in a l  b a r  g r a v e l  d e p o s i t s  
( s u b a r e a s  3 and  4 ) .  A co m p ariso n  o f  th e s e  tw o re g io n s  r e v e a l s  th e  
f o l lo w in g  s i g n i f i c a n t  (p < . 01) r e s u l t s :
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1. B ar g r a v e l  d e p o s i t s  have a  s i g n i f i c a n t l y  l a r g e r  mean d i a ­
m e te r  (XM = -0 .3 8  0 )  th a n  r i v e r  d e p o s i t s  (XM = 1 .2 4  0 ) .
z z
2 .  V ery p o o r ly  s o r te d  g r a v e l  d e p o s i t s  (Xg *= 2 .7 5  0 )  d i f f e r
I
s i g n i f i c a n t l y  from  p o o r ly  s o r te d  r i v e r  d e p o s i t s  (X^ = 1 .1 8  0 ) .
I
3 .  F in e -sk ew ed  g r a v e l  d e p o s i t s  (Xg^ = 0 .1 9 )  d i f f e r  s i g n i f i ­
c a n t ly  from  n e a r l y  sy m m e tric a l r i v e r  d e p o s i t s  (Xg^  = 0 .0 7 ) .
4 .  P l a t y k u r t i c  g r a v e l  d e p o s i t s  (Xw- = 0 .8 7 )  d i f f e r  s i g n i f i -
G
c a n t ly  from  v e ry  l e p t o k u r t i c  r i v e r  d e p o s i t s  (X^ = 1 .5 9 ) .
G
G ra v e l S h e e t D e p o s it v e r s u s  L in g u o id  G ra v e l D e p o s it
A t p < .0 1  a  co m p ariso n  o f  th e  u n v e g e ta te d  g r a v e l  s h e e t  (su b a re a  
3 ) a t  t h e  s o u th  end  o f  th e  l o n g i tu d in a l  b a r  w i th  th e  l in g u o id  g r a v e l  
( s u b a re a  4 )  on th e  n o r th w e s t  s id e  o f  th e  l o n g i t u d i n a l  b a r  i n d i c a t e s  th e  
fo l lo w in g :
1 . The mean d ia m e te r  (XM <= -1 .6 9  0 )  o f  s u b a re a  3 g r a v e l s  i s
z
s i g n i f i c a n t l y  c o a r s e r  th a n  th e  mean d ia m e te r  (Xjj = 0 .9 3  0 )  o f  s u b a re az
4 g r a v e l s .
2 .  S u b a rea  3 g r a v e l s  (X^ = 2 .4 2  0 ) ,  w h ich  a r e  v e ry  p o o r ly
s o r t e d ,  a r e  n o t  a s  p o o r ly  s o r te d  a s  s u b a re a  4 g r a v e l s  (X* = 3 .1 0  0 ) .
I
3 .  S u b area  3 g r a v e l s ,  w ith  a  mean skew ness o f  0 .3 9  ( s t r o n g ly  
f i n e  sk ew ed ), d i f f e r  s i g n i f i c a n t l y  from  s u b a re a  4  g r a v e l s  w i th  a  mean 
skew ness o f  - 0.01  (n e a r  s y m m e tr ic a l) .
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G ra v e l D e p o s i ts  v e r s u s  A l l  O th e r  D e p o s its
The f o l lo w in g  s i g n i f i c a n t  r e s u l t s  ( p < . 0 1 )  a r e  in d i c a te d  f o r  a 
co m p ariso n  o f  g r a v e l  d e p o s i t s  ( s u b a re a s  3 and  4 )  w i th  a l l  o th e r  
d e p o s i t s ,  ( s u b a re a s  1 , 2 ,  5 ,  6 , 7 ,  8 , and  9 ) :
1 . The mean d ia m e te r  (X j^ = -0 .3 8  0 )  o f  g r a v e l  d e p o s i t s  i s  
s i g n i f i c a n t l y  c o a r s e r  th a n  th e  mean d ia m e te r  ( X ^  = 3 .3 2  0 )  o f  r i v e r
and a l l  n o n g ra v e l  d e p o s i t s .
2 .  V ery  p o o r ly  s o r t e d  (X - = 2 .7 6  0 )  g r a v e l  d e p o s i t s  d i f f e r
I
s i g n i f i c a n t l y  from  p o o r ly  s o r t e d  (X- = 1 .5 7  0 )  r i v e r  p lu s  a l l  n o n -
g r a v e l  b a r  d e p o s i t s .
3 .  P l a t y k u r t i c  (Xrr = 0 .8 7 )  g r a v e l  d e p o s i t s  d i f f e r  s i g n i f i -
G
c a n t ly  from  l e p t o k u r t i c  (X j^  = 1 .4 1 )  r i v e r  p lu s  a l l  n o n g ra v e l  b a r  
d e p o s i t s .
N o n g rav e l A re a s  o f  th e  L o n g i tu d in a l  and  S id e  B ars
T a b le  3 sum m arizes th e  r e s u l t s  o f  o r th o g o n a l  co m p ariso n s  b e ­
tw een th e  n o n g ra v e l  a r e a s  o f  th e  tw o b a r s .  The f in d i n g s  a r e  a s  f o l lo w s :
1 . A co m p ariso n  be tw een  w illo w s  ( s u b a re a  7 ) o f  th e  lo n g i tu d in a l  
b a r  w ith  w il lo w s  ( s u b a re a  9) o f  th e  s id e  b a r  i n d i c a t e s  t h a t  no s i g n i f i ­
c a n t  d i f f e r e n c e s  e x i s t  i n  th e  g r a i n  s i z e  s t a t i s t i c a l  p a r a m e te r s .
2 .  On th e  l o n g i tu d in a l  b a r ,  a  co m p ariso n  b e tw een  g r a s s e s  
(s u b a re a  6 ) w i th  w illo w s  ( s u b a re a  7) i n d i c a t e s  t h a t  no s i g n i f i c a n t  d i f ­
fe r e n c e s  e x i s t  i n  th e  g r a in  s i z e  s t a t i s t i c a l  p a r a m e te r s .
3 .  A c o m p a riso n  o f  a l l  sam p les  from  g r a s s e s  ( s u b a re a  6 ) w ith  
a l l  sam p les  from  w illo w s  ( s u b a re a s  7 and 9 ) r e v e a l s  t h a t  no  s i g n i f i c a n t
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d i f f e r e n c e s  e x i s t  In  th e  g r a i n  s i z e  s t a t i s t i c a l  p a r a m e te r s .
4 .  A co m p ariso n  o f  v e g e ta te d  s u b a re a s  6 and  7 on th e  l o n g i ­
t u d i n a l  b a r  w i th  v e g e ta te d  s u b a re a  9 o f  th e  s id e  b a r  i n d i c a t e s  t h a t  no  
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  i n  th e  g r a i n  s i z e  s t a t i s t i c a l  p a r a m e te r s .
5 .  A co m p ariso n  o f  u n v e g e ta te d  s a n d , s i l t ,  and  c l a y  d e p o s i t s
o f  th e  l o n g i t u d i n a l  b a r  ( s u b a re a  5 )  w i th  v e g e ta te d  g r a s s e s  and  w illo w s
(s u b a re a s  6 an d  7 ) o f  th e  l o n g i t u d i n a l  b a r  i n d i c a t e s  t h a t  th e  mean
d ia m e te r  (X« = 3 .7 5  0 )  o f  t h e  u n v e g e ta te d  s a n d s ,  s i l t s ,  and  c la y s  i s  
z
s i g n i f i c a n t l y  (p * < .01) l a r g e r  th a n  th e  mean d ia m e te r  (Xw = 4 .68  0 ) o f
z
g r a s s e s  and  w il lo w s .
6 . On th e  s id e  b a r ,  a  co m p ariso n  o f  u n v e g e ta te d  d e p o s i t s  
( s u b a re a  8 ) w i th  v e g e ta te d  d e p o s i t s  ( s u b a re a  9) r e v e a l s  th e  fo l lo w in g  
(p <  .0 5 ) :
( a )  The mean d ia m e te r  (XM = 2 . 9 1  0 )  o f  u n v e g e ta te d
z
d e p o s i t s  i s  s i g n i f i c a n t l y  l a r g e r  th a n  th e  mean d ia m e te r  ( X ^  = 4 .74  0 )
o f  v e g e ta te d  d e p o s i t s .
(b )  P o o r ly  s o r t e d  (Xp = 1 .3 3  0 )  u n v e g e ta te d  s a n d s ,  s i l t s ,
d I
and c l a y s  d i f f e r  s i g n i f i c a n t l y  from  v e r y  p o o r ly  s o r t e d  (Xo = 2 .1 6  0 )
I
w il lo w s .
7 . A co m p ariso n  o f  u n v e g e ta te d  s a n d ,  s i l t ,  and  c l a y  d e p o s i t s
( s u b a re a s  5 and 8 ) w i th  v e g e ta te d  d e p o s i t s  ( s u b a re a s  6 , 7 , and  9)
r e v e a l s  t h a t  th e  mean d ia m e te r  (Xw = 3 .3 3  0 )  o f  u n v e g e ta te d  s a n d , s i l t ,
c z
and c la y  d e p o s i t s  i s  s i g n i f i c a n t l y  ( p « c .01) l a r g e r  th a n  th e  mean 
d ia m e te r  (X^ = 4 .7 0  0 )  o f  v e g e ta te d  d e p o s i t s .
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8 . A c o m p a riso n  b e tw een  u n v e g e ta te d  s a n d s ,  s i l t s ,  and  c la y s  
o f  th e  l o n g i t u d i n a l  b a r  ( s u b a re a  5 )  w i th  u n v e g e ta te d  s a n d s ,  s i l t s ,  and  
c la y s  o f  th e  s id e  b a r  ( s u b a re a  8 ) i n d i c a t e s  t h a t  no  s i g n i f i c a n t  d i f f e r ­
e n ce s  e x i s t  i n  th e  g r a i n  s i z e  s t a t i s t i c a l  p a r a m e te r s .
9 . A c o m p a riso n  o f  t h e  n o n g ra v e l  d e p o s i t s  ( s u b a re a s  5 ,  6 , and
7) o f  th e  l o n g i tu d in a l  b a r  w ith  d e p o s i t s  o f  th e  s id e  b a r  ( s u b a re a s  8
and 9) i n d i c a t e s  t h a t  a t  p < .0 5  th e  l o n g i tu d in a l  b a r  h a s  a  f i n e r  mean
d ia m e te r  (XM = 4 .3 7  0 )  th a n  th e  m ean d ia m e te r  (Xj,j = 3 .8 3  0 )  o f  th e  
z z
s id e  b a r .
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APPENDIX VI
METHODS USED FOR DETERMINATION OF 
FLUVIAL PROCESSES
C-M D iagram  a s  a n  
A p p ro x im a tio n  o f  D om inant P ro c e s s
As a  m eans o f  i d e n t i f y i n g  s e d im e n ta ry  p ro c e s s e s  from  g r a i n  s i z e  
d a t a ,  P a s se g a  (1957) d e v e lo p e d  th e  C-M d iag ram  w hich  i s  a  lo g a r i th m ic  
d iag ram  r e s u l t i n g  from  a  p l o t  o f  m ed ian  d ia m e te r  (M) a g a i n s t  th e  
c o a r s e s t  one p e r c e n t i l e  (C ) . The p r i n c i p l e  upon w hich  th e  d ia g ra m  i s  
b ased  i s  s t a t e d  by P a sse g a  (1 9 6 4 , p .  830) a s  f o l lo w s : " S w if t  s e d i ­
m e n ta ry  a g e n ts  c a n  be c h a r a c t e r i z e d  b e s t  by p a ra m e te r s  w h ich  g iv e  m ore 
in fo rm a t io n  on th e  c o a r s e s t  th a n  on th e  f i n e s t  f r a c t i o n s  o f  t h e i r  
s e d im e n ts ."
An S -sh a p ed  zone r e s u l t s  w i th  th e  p l o t t i n g  o f  a  s u f f i c i e n t l y  
l a r g e  num ber o f  sam p les from  a  t r a c t i v e  c u r r e n t  d e p o s i t  ( d e f in e d  a s  one 
w h ich  t r a n s p o r t s  i t s  lo a d  by  r o l l i n g  and s u s p e n s io n ) .  U sing  d a ta  from  
th e  m odern M is s i s s i p p i  R iv e r ,  P a s se g a  found  t h a t  th e  u p p e r p a r t  o f  th e  
S -sh a p ed  zone c o r re s p o n d e d  w ith  bed  lo a d ,  th e  lo w er p o r t i o n  w ith  a  
u n ifo rm  s u s p e n s io n ,  and  th e  in t e r v e n in g  a r e a  w i th  a  g ra d e d  s u s p e n s io n .
Log-N orm al S u b p o p u la tio n s  o f  
G ra in  S iz e  D i s t r i b u t i o n s
V is h e r  (1969) t r a c e s  th e  d ev e lo p m en t o f  th e  th e o ry  t h a t  g r a in  
s i z e  d i s t r i b u t i o n s  a r e  com posed o f  lo g -n o rm a l s u b p o p u la t io n s  w hich  ca n  
be r e l a t e d  to  s e d im e n ta ry  p r o c e s s e s .  As r e p o r te d  i n  V is h e r  (1 9 6 9 , p .  
1 0 7 6 ), S p en ce r s u g g e s ts  t h a t  a l l  c l a s t i c  se d im e n ts  c o n s i s t  o f  t h r e e  o r  
l e s s  lo g -n o rm a l p o p u la t io n s  w h ich  Moss r e l a t e s  t o  th e  modes o f  se d im e n t
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t r a n s p o r t ,  n am ely , s u r f a c e  c r e e p ,  s a l t a t i o n ,  and  s u s p e n s io n .  M id d le to n  
(1976 , p .  407 ) r e p o r t s  a n  a l t e r n a t e  e x p la n a t io n  o f f e r e d  by Shea w hereby 
th e  segm ents a r e  a t t r i b u t e d  t o  th e  s i z e  d i s t r i b u t i o n s  i n h e r i t e d  from  
th e  p a re n t  m a t e r i a l  and  th e  s u b s e q u e n t re s p o n s e  o f  th e  g r a i n s  t o  
a t t r i t i o n .
On l o g - p r o b a b i l i t y  p l o t s ,  th e  s u b p o p u la t io n s  a r e  r e p r e s e n te d  by 
s t r a i g h t  l i n e  segm en ts o f  a  g r a i n  s i z e  d i s t r i b u t i o n .  The seg m en ts  can 
be i n t e r p r e t e d  a s  r e p r e s e n t in g  e i t h e r  ( 1) o v e r la p p in g  n o rm al p o p u la ­
t i o n s  o r  (2 ) t r u n c a te d  p o p u la t i o n s .  I f  th e  segm en ts  a r e  c o n s id e re d  a s  
o v e r la p p in g  p o p u la t io n s ,  i t  i s  n e c e s s a r y  t o  u se  a  g r a p h ic  d i s s e c t i o n  
te c h n iq u e  ( e . g . ,  V is h e r ,  1965 , p .  126) i n  o r d e r  t o  e s t a b l i s h  th e  p o in t  
o f  e q u a l  o v e r la p  o f  th e  s u b p o p u la t io n s .  I f  th e  segm en ts  a r e  c o n s id e re d  
a s  t r u n c a te d  p o p u la t io n s ,  i t  i s  o n ly  n e c e s s a r y  t o  e s t a b l i s h  th e  p o in t  
o f  i n t e r s e c t i o n  o f  th e  seg m en ts  ( e . g . ,  M id d le to n , 1976, p .  4 0 6 ) .  In  
m ost c a s e s  th e  p r e c i s i o n  r e q u i r e d  f o r  th e  u t i l i z a t i o n  o f  th e  g ra p h ic  
d i s s e c t i o n  te c h n iq u e  a s  o u t l i n e d  by M cKinney and F riedm an  (1970) 
e x ceed s  th e  p r e c i s i o n  o f  t h e  g r a i n  s i z e  d a t a .  M id d le to n  (1976 ) demon­
s t r a t e s  t h a t  when th e  s u b p o p u la t io n s  a r e  c o n s id e re d  t o  be  t r u n c a t e d ,  
th e  p o in t  o f  i n f l e c t i o n  b e tw e e n  th e  c o a r s e s t  segm en ts  o f  a n  a p p r o p r ia te  
g r a in  s i z e  d i s t r i b u t i o n  c a n  b e  p r e d ic te d  from  hydrodynam ic th e o r y .  
T h e re fo re ,  i t  i s  u n n e c e s s a ry  t o  u se  th e  l a b o r io u s  g r a p h ic  d i s s e c t i o n  
te c h n iq u e  in  o rd e r  t o  e s t a b l i s h  mode o f  sed im en t t r a n s p o r t .
H ydrodynam ic T heory
S tream  Competency
The maximum s i z e  o f  s e d im e n t w hich  a  flow  c a n  move i s  th e
117
com petency  o f  th e  f lo w  ( B l a t t ,  e t  a l . ,  1972, p .  9 0 ) .  H i s t o r i c a l l y
s tre a m  com petency  h a s  b een  a p p ro a c h e d  from  e i t h e r  an  a n a l y s i s  o f  s tre a m
v e l o c i t y  o r  from  a n  a n a l y s i s  o f  b o tto m  s h e a r  s t r e s s .  The fo rm er
a p p ro a c h  i s  a n  o ld e r  m ethod w h ich  i s  now b e in g  r e p la c e d .  However, a n
acad em ic  d is a g re e m e n t e x i s t s  a s  t o  w h ich  m ethod i s  p r e f e r a b l e .
The T ask  C om m ittee on P r e p a r a t io n  o f  S e d im e n ta t io n  M anual
(1 9 6 6 , p .  301) s t a t e s ,
. . .  i f  tw o f lo w s  o f  d i f f e r e n t  d e p th  h av e  b ed s  o f  i d e n t i c a l  
s e d im e n t and  th e  same bed  s h e a r  s t r e s s ,  th e  v e l o c i t i e s  a t  
an y  d i s t a n c e  y  ab o v e  th e  bed w i l l  a l s o  be  th e  same i n  th e  
tw o f lo w s .  H ow ever, b e c a u se  th e  mean v e l o c i t y  o c c u rs  a t  y 
e q u a l  a  c o n s ta n t  f r a c t i o n  o f  th e  d e p th ,  th e  d e e p e r  flow  w i l l  
h av e  th e  l a r g e r  mean v e l o c i t y .  T h u s, i t  i s  se e n  t h a t  mean 
v e l o c i t y  a lo n e  c a n n o t e x p r e s s  th e  s c o u r in g  a c t i o n  o f  th e  
w a te r  a t  th e  bed  and  t h a t  t o  c o m p le te ly  s p e c i f y  c o n d i t io n s  
th e  d e p th  m ust a l s o  be g iv e n .
B ecause  o f  th e  a fo re m e n tio n e d ,  th e  T ask  C om m ittee p ro p o se s  th a t  s h e a r  
s t r e s s  be u sed  a s  th e  a p p r o p r ia t e  q u a n t i t y  t o  e x p re s s  c r i t i c a l  c o n d i­
t i o n s .  H ow ever, A ck e rs  and  W hite  (1 9 7 3 , p .  2041) r e t u r n  t o  th e  o ld e r  
a p p ro a c h  and  d e v e lo p  a  se d im e n t t r a n s p o r t  f u n c t io n  b ased  on a v e ra g e  
s tre a m  v e l o c i t y .  U n f o r tu n a te ly  t h e i r  m ethod was n o t v e r i f i e d  f o r  flo w  
c o n d i t io n s  w here th e  F roude  num bers a r e  g r e a t e r  th a n  u n i t y .
I n  o rd e r  t o  e s t a b l i s h  th e  c r i t i c a l  c o n d i t io n s  f o r  sed im en t 
movement w i th in  th e  C o lv i l l e  R iv e r  s tu d y  a r e a ,  i t  h a s  b e e n  found n e c e s ­
s a r y  t o  u se  b o th  s h e a r  s t r e s s  and  a v e ra g e  c u r r e n t  v e l o c i t y .
Modes o f  Sedim ent T ra n s p o r t
The f l u v i a l  sed im en t t r a n s p o r t  m odel d ev e lo p ed  by M id d le to n  
(1976 ) from  th e  r e s e a r c h  o f  E i n s t e i n  and th e  w ork o f  Moss w i l l  be u sed  
a s  th e  fram ew ork f o r  th e  d i s c u s s io n  t o  f o l lo w .
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The sed im en t lo a d  o f  a  s tre a m  c o n s i s t i n g  o f  p a r t i c l e s  f i n e  
enough t o  rem a in  i n  a lm o s t c o n t in u o u s  s u s p e n s io n  d u r in g  t r a n s p o r t  c o n ­
s t i t u t e s  th e  w ash lo a d .  The se d im e n t lo a d  b e in g  t r a n s p o r te d  i n  c lo s e  
p ro x im ity  t o  th e  bed  c o n s t i t u t e s  th e  b ed  lo a d .  The bed  lo a d  ca n  be c o n ­
s id e r e d  a s  c o n s i s t i n g  o f  tw o p o p u la t io n s  w h ich  d i f f e r  i n  t h e i r  m anner 
o f  m ovem ent. One p o p u la t io n ,  com posed o f  p a r t i c l e s  to o  l a r g e  t o  le a v e  
th e  b e d , i s  t r a n s p o r t e d  by s l i d i n g  and  r o l l i n g .  The o th e r  p o p u la t io n ,  
com posed o f  s m a l le r  p a r t i c l e s ,  i s  i n t e r m i t t e n t l y  su sp en d ed  f o r  s h o r t  
d i s t a n c e s  and  s h o r t  d u r a t i o n s  o f  t im e .  I n  n a t u r e  th e  bed  lo a d  and  w ash 
lo a d  p ro b a b ly  g ra d e  i n t o  one a n o th e r  an d  no  s h a rp  b o u n d ary  e x i s t s  b e ­
tw een  th e  tw o . U nder th e  p ro p e r  h y d r a u l i c  c o n d i t io n s  ( e . g . ,  f a l l i n g  
s ta g e )  p a r t  o f  th e  w ash lo a d  may become p a r t  o f  th e  bed  lo a d .
From th e  w ork o f  E i n s t e i n  and  J o h n s o n , M id d le to n  (1976) r e c o g ­
n iz e d  t h a t  th e  k ey  t o  th e  i n t e r p r e t a t i o n  o f  hydrodynam ic c o n d i t io n s
from  f l u v i a l  s e d im e n ts  l i e s  n o t  w i th  t h e  w ash lo a d  b u t r a t h e r  w ith  th e  
bed  lo a d .  M id d le to n  (1976 , p .  4 0 7 ) r e p o r t s  t h a t  E i n s t e in  and  Jo h n so n  
found  t h a t  th e  am ount o f  w ash lo a d  i n  a  s tre a m  i s  d e te rm in e d  by th e
su p p ly  and n o t by th e  h y d r a u l i c s .
Bed L oad , I n i t i a t i o n  o f  P a r t i c l e  M otion
A t o u r p r e s e n t  s t a t e  o f  k n o w led g e , a  p r e c i s e  d e te r m in a t io n  o f  
th e  hydrodynam ic c o n d i t io n s  n e c e s s a r y  f o r  th e  movement o f  bed  lo a d  i s  
n o t  p o s s i b l e .  B r ig g s  and M id d le to n  (1 9 6 5 , p .  13) s t a t e  t h a t  no  s a t i s ­
f a c t o r y  th e o ry  e x i s t s ;  how ever one a p p ro a c h  t o  th e  p ro b lem  h a s  r e s u l t e d  
from  th e  w ork o f  S h ie ld s .  T h is  a p p ro a c h  t o  th e  se d im e n t t r a n s p o r t  
p rob lem  y ie ld s  o n ly  th e  c o n d i t io n s  n e c e s s a r y  f o r  th e  i n i t i a t i o n  o f  bed 
lo a d  movement on a  f l a t  b ed .
119
L e l ia v s k y  (1 9 6 6 , p .  4 7 -5 1 )  p r e s e n ts  a  s im p l i f i e d  v e r s io n  o f  th e  
S h i e l d s ’ d im e n s io n le s s  a n a l y s i s  and  th e  S h i e l d s ’ c u r v e .  H ow ever, th e  
S h i e l d s '  c u rv e  a s  m o d if ie d  by V an o n i, w i l l  be  u se d  i n  t h i s  r e p o r t .  I t  
i s  p r e s e n te d  i n  th e  fo l lo w in g  p u b l i c a t i o n s :  (1 ) B r ig g s  an d  M id d le to n
(1 9 6 5 , p .  1 1 ) ,  (2 ) T ask  Com m ittee on P r e p a r a t io n  o f  S e d im e n ta t io n  
M anual (1 9 6 6 , p .  2 9 7 ) ,  and  (3 ) B l a t t ,  M id d le to n , and  M urray  (1 9 7 2 , p .  9 1 ) .
The S h i e l d s '  c u rv e  a s  p r e s e n te d  i n  th e  a fo re m e n tio n e d  p u b l i c a ­
t i o n s  r e s u l t s  from  a  p l o t  o f  tw o d im e n s io n le s s  n u m b ers , th e  d im e n s io n -  
l e s s  c r i t i c a l  s h e a r  s t r e s s  (/3) a s  o r d in a t e  a g a i n s t  th e  c r i t i c a l  
b o u n d ary  R eyno lds num ber (Rg) a s  a b s c i s s a .  The d im e n s io n le s s  c r i t i c a l  
s h e a r  s t r e s s  and  th e  b o u n d a ry  R eyno lds number a r e  g iv e n  b y :
1^3 9  B ( 1 )
( Ye -  Y  >d 8 ( /O s  — /o  )d
n  = U* d .
^  y  ( 2 )
w here 6,  = th e  s h e a r  s t r e s s  a c t i n g  on th e  b o tto m  
d = p a r t i c l e  d ia m e te r  
y & a  s p e c i f i c  w e ig h t o f  th e  s o l i d  
Y  = s p e c i f i c  w e ig h t o f  th e  f l u i d  
g = g r a v i t a t i o n a l  c o n s ta n t  
/ %  = d e n s i t y  o f  th e  s o l id  
/ o  = d e n s i t y  o f  th e  f l u i d  
U* = s h e a r  v e l o c i t y  
V  = k i n e t i c  v i s c o s i t y  d e f in e d  a s  V® 
w here f J . -  dynam ic v e l o c i t y  o f  t h e  
f l u i d
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When tu r b u le n c e  i s  f u l l y  d e v e lo p e d  a t  th e  bed (Rg 6 0 0 ) ,  th e  
d im e n s io n le s s  c r i t i c a l  s h e a r  s t r e s s  (/& ) assum es a  c o n s ta n t  v a lu e  o f  
0 .0 6  (B r ig g s  and  M id d le to n , 1965, p .  1 3 ) .  By s u b s t i t u t i n g  0 .0 6  in  
e q u a t io n  1 and r e a r r a n g in g  te rm s ,  th e  c r i t i c a l  s h e a r  s t r e s s  n e c e s s a r y  
t o  i n i t i a t e  m o tio n  ( 2 ^ ) ,  when Re  6 0 0 , i s  d e te rm in e d  b y :
From th e  known c r i t i c a l  s h e a r  s t r e s s  (  2rc )  fche c r i t i c a l  s h e a r  
v e l o c i t y  i s  d e r iv e d  by u s in g :
The S h i e l d s '  d ia g ra m  i s  cumbersome t o  u se  due t o  th e  p re s e n c e  
o f  th e  unknown s h e a r  v e l o c i t y  (U*) i n  th e  a b s c i s s a  and  th e  unknown 
s h e a r  s t r e s s  ( go) i n  th e  o r d i n a t e .  T h is  p ro b lem  c a n  be overcom e by 
c a l c u l a t i n g  th e  q u a n t i t y :
and  r e a d in g  th e  v a lu e  o f  e i t h e r  ^ o r  Rg o f f  th e  g ra p h  g iv e n  by B l a t t ,  
M id d le to n , and  M urray  (1 9 7 2 , p .  9 1 ) .
W henever e q u a t io n  3 i s  u s e d ,  e q u a t io n  5 i s  em ployed w ith  S h i e l d s '  
c u rv e  t o  e s t a b l i s h  t h a t  Rg i s  g r e a t e r  th a n  6 0 0 . T h is  p ro c e d u re  i s  u sed  
t o  e s t a b l i s h  th e  v a l i d i t y  o f  th e  u s e  o f  e q u a t io n  3 .
I n  o r d e r  t o  a s c e r t a i n  i f  th e  hydrodynam ic c o n d i t io n s  i n  a  
s p e c i f i c  c r o s s - s e c t i o n  o f  a  r i v e r  a r e  s u f f i c i e n t  t o  i n i t i a t e  m o tio n  o f  
a  p a r t i c l e  o f  g iv e n  g r a i n  s i z e ,  i t  i s  n e c e s s a r y  t o :  e i t h e r  c a l c u l a t e
th e  b o tto m  s h e a r  v e l o c i t y  (U*) a c t i n g  i n  th e  g iv e n  c r o s s - s e c t i o n  u n d e r
i c -  0 .0 6  d g (3 )
U* (4 )
(5 )
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th e  s p e c i f i e d  c o n d i t io n s  and  com pare t h e  r e s u l t  w i th  th e  p r e d ic te d  
s h e a r  v e l o c i t y  g iv e n  by e q u a t io n  4 ,  o r  c a l c u l a t e  th e  a v e ra g e  v e l o c i t y  
(U) f o r  th e  c r o s s - s e c t i o n  w h ich  w ould be  s u f f i c i e n t  to  a t t a i n  th e  
n e c e s s a r y  b o tto m  s h e a r  v e l o c i t y  and  com pare th e  r e s u l t  w ith  th e  a v e ra g e  
v e l o c i t y  r e p o r te d  from  th e  f i e l d .  T h is  ca n  be a c h ie v e d  by em ploy ing  
K e u la g a n 's  e q u a t io n  (G ray and  Wigham, 1973 , p .  8 .7 1  -  8 .7 2 )  w h ich  f o r  
ro u g h  b o u n d a r ie s  can  be e x p re s s e d  i n  th e  g e n e r a l  fo rm :
U = U*(A0 +  logS:) (6 )
K q  k
w here A0 = a  f u n c t io n  o f  th e  c h a n n e l sh ap e  
R = h y d r a u l i c  r a d iu s  
k = c h a n n e l ro u g h n e s s  f a c t o r  
k Q ss von  R a m a n 's  c o e f f i c i e n t  f o r  tu r b u l e n t  
exchange
T h is  e q u a t io n  assum es t h a t  u n ifo rm  flo w  i s  o c c u r r in g  w i th i n  a  c h a n n e l 
c r o s s - s e c t i o n  w i th  a  lo g a r i th m ic  v e l o c i t y  p r o f i l e .
The v a l i d i t y  o f  th e  r e s u l t s  o b ta in e d  from  K e u la g a n 's  e q u a t io n  
c a n  be b e t t e r  u n d e rs to o d  from  a  c o n s id e r a t io n  o f  th e  d e r iv a t io n  and 
e v a l u a t i o n  o f  e a c h  q u a n t i t y  i n  t h e  r e l a t i o n s h i p .  As w i l l  be  s e e n ,  i t  
i s  n o t  p o s s i b le  t o  be e n t i r e l y  o b j e c t iv e  i n  e v a lu a t in g  AQ, k ,  and  kQ. 
The q u a n t i t i e s  R and U*, h o w ev er, a r e  somewhat m ore n a rro w ly  d e f in e d  
and  th e r e f o r e  l e s s  judgem en t i s  r e q u i r e d  i n  t h e i r  e v a lu a t io n .
The v a lu e  o f  th e  h y d r a u l i c  r a d i u s  (R) i s  s e t  by th e  geom etry  
o f  th e  c h a n n e l c r o s s - s e c t i o n  u n d e r  i n v e s t i g a t i o n .  F o r a  w ide c h a n n e l ,  
w here th e  w id th  i s  much g r e a t e r  th a n  th e  d e p th ,  th e  h y d r a u l i c  r a d iu s
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i s  e q u iv a le n t  to  th e  mean d e p th  (L e o p o ld , e t  a l . ,  1964, p .  1 56 -7 ) g iv e n  
by A/w w here A i s  th e  c r o s s - s e c t i o n a l  a r e a  an d  w i s  th e  c h a n n e l w id th .  
T h is  c a n  be  e x p re s s e d  a s  f o l lo w s :
R = - A -  (7 )
w
The a p p ro ac h  u se d  i n  t h i s  p a p e r  h a s  one l i m i t a t i o n  w h ich  
sh o u ld  be n o te d .  For th e  c a l c u l a t i o n  o f  th e  a v e ra g e  s tre a m  v e l o c i t y  
(U) i n  a  c r o s s - s e c t i o n ,  i t  d o e s  n o t  d i f f e r e n t i a t e  th e  c r i t i c a l  s h e a r  
v e l o c i t y  a c t i n g  on th e  g r a i n  from  th e  t o t a l  s h e a r  v e l o c i t y  a c t i n g  on 
th e  b o tto m . U sing  th e  fo rm u la  g iv e n  by A ck e rs  and  W hite  (1 9 7 5 , p .
6 25 ) th e  t o t a l  s h e a r  v e l o c i t y  a c t i n g  on th e  b o tto m  i s  g iv e n  by :
" t o t a l  -  J  SD i (8 )
w here D = mean d e p th  o f  flo w  
i  = g r a d ie n t
D ata  o f  A ckers  and W hite  a p p e a r  t o  i n d i c a t e  t h a t  th e  s h e a r  v e l o c i t y  
w i th  r e s p e c t  t o  th e  g r a i n  i s  a b o u t 7 p e r c e n t  l e s s  th a n  th e  t o t a l  s h e a r  
v e l o c i t y  a c t i n g  on th e  b o tto m .
I n  e v a lu a t in g  U* from  th e  S h i e l d s ’ c u r v e ,  a  f u r t h e r  n o t a t i o n  
sh o u ld  b e  m ade. I n  e q u a t io n  3 t h e  q u a n t i t y  e q u a l s  0 .0 6 .  The w ork o f  
A ck ers  and  W hite (1973 , p .  2049) s u g g e s t  t h a t  p o s s i b l y / 3  i s  l e s s  th a n  
0 .0 6 .  H ow ever, i n  t h i s  a n a l y s i s  / 3  i s  c o n s id e re d  t o  be 0 .0 6 .
The shape  f a c t o r  A0 i n  K e u la g a n 's  e q u a t io n  i s  found  t o  v a ry  
l i t t l e  w i th  change i n  c h a n n e l c r o s s - s e c t i o n  (Chow, 1959, p .  2 0 3 ) .  How­
e v e r ,  Chow (1 9 5 9 , p .  2 0 4 -5 )  found  t h a t  when A0 i s  c o n s id e re d  a s  a 
f u n c t io n  o f  th e  Froude num ber i t  v a r i e s  w id e ly .  Iw ag ak i re a s o n e d  t h a t  
a t  h ig h  F roude num bers th e  r e s i s t a n c e  t o  t u r b u l e n t  flow  in c r e a s e s  due to
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t h e  in c r e a s e d  i n s t a b i l i t y  o f  th e  f r e e  s u r f a c e  (Chow, 1959 , p .  2 0 4 ) .
The q u a n t i t y  AQ i s  n o t  o n ly  a  f u n c t io n  o f  c h a n n e l sh ap e  b u t  i s  a l s o  
e f f e c t e d  by such  f a c t o r s  a s  t h e  i n s t a b i l i t y  o f  th e  f r e e  s u r f a c e  and  
u n e q u a l d i s t r i b u t i o n  o f  th e  b o u n d a ry  t r a c t i v e  f o r c e  (Chow, 1959 , p .  
2 0 3 ) .  F o r ro u g h  c h a n n e ls  a  s tu d y  r e p o r te d  by Chow (1 9 5 9 , p .  204) 
r e v e a l s  t h a t  AQ h a s  a  ra n g e  from  2 .2 3  t o  1 6 .9 2 . G ray and  Wigham (1 9 7 3 , 
p .  8 .7 2 )  r e p o r t ,  "AQ may v a ry  i n  th e  o rd e r  o f  m ag n itu d e  o f  +50 p e r  
c e n t  so  a s  t o  p ro d u ce  a n  e r r o r  i n  U o f  125 p e r  c e n t . "  I n  a p p ly in g  
K e u la g a n 's  e q u a t io n ,  J o rd a n  (1 9 6 5 , p .  39) assum ed t h a t  t h e  m ean v a lu e  
o f  6 .2 5  f o r  c l e a r  f lo w  c o u ld  b e  u sed  f o r  th e  sed im en t la d e n  w a te r  o f  
th e  M is s i s s i p p i  R iv e r .  I n  th e  p r e s e n t  s tu d y  AQ i s  c o n s id e re d  t o  be a  
c o n s ta n t  o f  6 .2 5  r e g a r d l e s s  o f  th e  c o n c e n t r a t io n  o f  su sp e n d ed  s e d im e n t.
E i n s t e i n  (1 9 5 0 , p .  8) d e f in e s  th e  c h a n n e l ro u g h n e s s  f a c t o r  k  
a s  e q u a l  t o  dgg w h ich  i s ,  " th e  s ie v e  s i z e  o f  w h ich  65 p e r c e n t  o f  th e  
m ix tu re  (by  w e ig h t)  i s  f i n e r . "  F o r k ,  dg^ can  be  u sed  when no  bed o r  
bank  ro u g h n e s s  e x i s t s  e x c e p t  f o r  t h a t  due t o  th e  s t a t i o n a r y  g r a in s  
( J o rd a n ,  1965, p .  4 3 ) .  I n  t h i s  i n v e s t i g a t i o n  k  i s  assum ed t o  e q u a l  
d g g . T h is  v a lu e  i s  u se d  ev en  th o u g h  i t  i s  r e c o g n iz e d  t h a t  a l l  g r a i n  
s i z e s  on a  bed c o n t r i b u t e  t o  t h e  ro u g h n e s s .  Shen (1975) r e p o r t s  t h a t  
no e v id e n c e  e x i s t s  w h ich  i n d i c a t e s  t h a t  dgg sh o u ld  o r  sh o u ld  n o t  be 
u s e d .
From la b o r a to r y  e x p e r im e n ts  kQ f o r  c l e a r  flow  i s  found  t o  be 
0 .4  ( B l a t t ,  e t  a l . ,  1972 , p .  88 ) .  Computed kQ from  d a t a  c o l l e c t e d  i n  
th e  M is s i s s i p p i  R iv e r  a t  S t .  L o u i s ,  M is s o u r i ,  v a ry  from  0 .4  t o  l e s s  
th a n  0 .2  ( J o rd a n ,  1975, p .  5 7 ) .  B l a t t ,  M id d le to n , and  M urray (1 9 7 2 , p . 
88) r e p o r t  k Q d e c r e a s e s  w i th  in c r e a s e d  c o n c e n t r a t io n  o f  sand  s i z e
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su sp e n d ed  s e d im e n t. I n  t h i s  i n v e s t i g a t i o n  c o m p u ta tio n s  o f  v e l o c i t y  
a r e  made f o r  k Q e q u a l t o  0 .4  and  0 .2 .  The r e s p e c t i v e  r e s u l t s  a r e  c o n ­
s id e r e d  a s  i n d i c a t o r s  o f  minimum and maximum a v e ra g e  c u r r e n t  v e l o c i t i e s  
n e c e s s a r y  t o  i n i t i a t e  p a r t i c l e  m o tio n .
I n t e r m i t t e n t  S u sp en sio n  o f  Bed Load P a r t i c l e s
From th e  w ork o f  Lane and  K a lin s k e ,  M id d le to n  (1 9 7 6 , p .  410) 
p r e s e n t s  th e  fo l lo w in g  c r i t e r i o n  f o r  p a r t i c l e  s u s p e n s io n :
JO- ± 1 (9)
U*
w here u> = p a r t i c l e  s e t t l i n g  v e l o c i t y  
W ith  th e  u s e  o f  e q u a t io n  9 and th e  g ra p h  o f  R o u se , f o r  p a r t i c l e  
s e t t l i n g  v e l o c i t y ,  a s  p re s e n te d  i n  B l a t t ,  M id d le to n ,  an d  M urray  (1972 , 
p .  54) i t  sh o u ld  be p o s s ib le  t o  p r e d i c t  f o r  a  g iv e n  w a te r  te m p e ra tu re  
th e  maximum p a r t i c l e  s i z e  w hich  w i l l  be p la c e d  i n t o  s u s p e n s io n .  T h is  
ca n  be a c c o m p lish e d  i n  th e  fo llo w in g  m an n er. The s h e a r  v e l o c i t y  
n e c e s s a r y  t o  i n i t i a t e  p a r t i c l e  m o tio n  i s  e q u a te d  t o  t h e  s e t t l i n g  
v e l o c i t y  so  t h a t  «*/U* e q u a ls  1 . The maximum p a r t i c l e  s i z e  w h ich  w i l l  
b e  p la c e d  i n t o  su sp e n s io n  f o r  th e  a p p r o p r i a t e  te m p e r a tu r e  i s  now 
d e te rm in e d  by  r e f e r r i n g  to  R o u s e 's  g ra p h . T h is  p a r t i c l e  s i z e  sh o u ld  
m ark th e  b o u n d ary  betw een  th e  bed  lo a d  b e in g  t r a n s p o r t e d  by t r a c t i o n  
and  th e  bed  lo a d  b e in g  t r a n s p o r te d  by  i n t e r m i t t e n t  s u s p e n s io n .
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APPENDIX VII
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